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CHAPTER 1 
THE INTRINSIC PROPERTIES OF GLOBULAR CLUSTERS 
1.1 Introduction 
The globular clusters in the Galaxy are amongst its 
oldest members , and are certainly the most easily recognisable 
representatives of this old group. Consequently , any 
information we can gain concernihg the intrinsic properties 
of these clusters and of their individual stars will tell us 
something about conditions at an early epoch in the history 
of the Galaxy. The intrinsic properties of elobul~r clusters 
may be considered under two headings, viz. a) photometric 
and spectroscopic properties, and b) kinematics and dynamics. 
We shall not be very much concerned with the second category 
here. Arp (1965b) has recently reviewed the kinematics and 
distribution of globular cluste~s in relation to galactic 
structure, while Michie (1964) has discussed the dynamics 
of star clusters. 
This thesis is mainly concerned with four southern 
globular clusters for which photoelectric and photographic 
photometry on the U , B,V system has been carried out. Al~o , 
we shall discuss the integrated U ,B,V colours for a large 
number of globular clusters, mostly in the south . 
In this first chapter we shall consider the context 
within which the work for this thesis has been carried out. 
The history of the study of globular clusters consists mainly 
of the discovery of differences of various kinds amongst them 
-2. 
and of attempts to explain these differences. Let us discuss 
now the results which are relevant to the present study of 
the intrinsic properties of globular clusters. 
1.2 RR ·Lyrae Variables 
The first significant work on globular clusters was done 
by Bailey who discovered large numbers of RR Lyrae variables 
in some clusters. Other clusters searched were found to have 
no variables at all. Bailey classified the variables into 
three groups, a, band Ce The a and b types have asymmetric 
light curves with amplitudes of about 1~0 and 0~6, respectively. 
They are generally considered together as ab type variables. 
Type c variables have nearly sinusoidal light curves, with 
m 
amplitudes of about 0.5. Considering all the data then 
available, Oosterhoff (1939, 1944) was able to separate 
globular clusters into three groups on the basis of their 
RR Lyrae star populations. Clusters in the first group have 
no c type RR Lyrae variables at alle Those in the second 
group have relatively few c type and relatively many ab type 
variables, the mean period of the latter being in the range 
Approximately equal numbers of c type and of ab 
type variables, the latter having a mean period in the range 
0~62 to 0~65, characterisQ +->. e clusters in the third group. 
Fur·ther work (van Agt and Oosterhoff, 1959) seems to confirm 
this division and the occurrence to two discrete period groups, 
but the reason for it is not yet known. 
Sandage (1958; Kinman, 1959a) has suggested that the 
mean periods of the type ab RR Lyrae stars in globular clusters 
J. 
are related to their absolute magnitudes in the sense tha t 
the intrinsically brighter stars have longer mean periods. 
However, there are still considerable observationa l 
diff iculties which have prevented a ny decisions being ma de 
on this point .. 
Schwarzschild (1940) found that , in the colour-magnitude 
diagram of MJ, the RR Lyrae variables are confined to a narrow 
range of colour in the horizontal branch. He noted that no 
non-variable stars occur in this region and suggested that 
this "gap" in the horizontal branch represent s 2. region of 
instability and tha t any star appearing in it must be a 
variable. The discovery that the variables in M92 occupy 
the same colour region (Arp et al, 1953) strengthened this 
suggestion. 
This has had important consequences for comparisons 
amongst globular cluster colour-magnitude diagramso It has 
become customary to fit the diagrams together at the RR Lyrae 
gap and to assume that all RR Lyrae stars in globular clusters 
have the same absolute magnitudeo As mentioned above, this 
may not be the case, and Sandage a nd Wallerstein (1960) have 
suggested tha t the a b s olute magnitudes of the variables may 
be dependent on the metal abundance in the cluster stars. 
Sandage a nd Eggen (1959; Eggen and Sand age, 1962) showed 
that, when the colours of subdwarfs a re corre cted for line 
blanketing, the subdwarf main sequence and the Hyades main 
sequence coincide Haselgrove and Hoyle (1959) and Demarque 
(1960) have shown theoretically that the metal poor main 
4. 
sequence is close to the metal rich main sequence provided 
that, in the former case, helium is deficient also. Since 
globular cluster stars are weak lined like the subdwarfs, it 
is reasonable to assume that, after correction for blanketing, 
the cluster main sequence should coincide with the Hyades 
main sequence. It should thus be possible to determine the 
absolute magnitudes of the cluster RR Lyrae stars by means 
of a fit of the cluster main sequence to the Hyades main 
sequence. 
From such a fitting technique, Sandage (1964) has recently 
found a mean absolute magnitude of +0~42 ±0~08 (m.e.) for 
the RR Lyrae stars in four clusters, although for M1J he 
found M 
V 
m 
-0.09. Arp (1962b) obtains systematically brighter 
magnitudes than this because he applies reddening corrections 
determined from a cosecant reddening law to his data. 
Sandage's methods of correcting for reddening seem preferable, 
though. There are many uncertainties involved in the fitting 
procedure, in the blanketing and reddening corrections, and 
in the observations of very faint main sequence stars. The 
absolute magnitudes of the RR Lyrae stars in clusters are 
still uncertain and many more accurate observations down to 
the main sequence in more clusters are necessary. 
1.J ~ctra, Metal Abundance 
In the course of an analysis of the radial velocities 
of globular clusters, Mayall (1946) found that the integrated 
spectra have similar characteristics to those of the weak 
lined high velocity stars and of RR Lyrae. He also noted 
5. 
that a small group of clusters in the region of the galactic 
nucleus have later spectral types than the average of the 
cluster system as a whole. Morgan (1956, 1959) confirmed 
Mayall's results and extended them by showing that globular 
clusters can be assigned to one of eight groups, depending on 
the strengths of the metal lines in their integrated spectra. 
Clusters in group I have extremely weak lined spectra while 
those in groups VI to VIII have relatively strong lined 
spectra and are concentrated in the direction of the galactic 
nucleus. 
, 
Working on coude spectra of globular cluster giants, 
Deutsch suggested a division of the clusters into three 
groups, A, Band C$ Giants in group A clusters have 
relatively strong metal lines in their spectra, those in 
group B clusters have spectra with intermediate metal line 
strengths, and the spectra of giants in Group C clusters 
are extremely weak lined. 
Kinman (1959b) extended this work and that of Mayall 
and of Morgan to some southern globular clusters, Using a 
semi-quantitative method, he found that the ratio of metal 
to hydrogen abundance varies from less than 0.01 of its 
value in the Sun for giants in type C clusters to greater 
than 0.1 of the solar value for giants in type A clusters. 
This agrees well with the more detailed analysis carried out 
by Helfer et al (1959) for giants in M1J and in M92 . 
In 1954, Roman (1954) found some high velocity weak 
lined F stars to have ultraviolet excesses relative to the 
6. 
Hyades main sequence stars in the U-B, B-V diagram. She 
suggested that globular cluster dwarfs should exhibit the 
same effect, and indeed the first measurements (Johnson and 
Sandage, 1956) confirmed this. The -ccurrence of an ultra-
violet excess in metal deficient stars is quite satisfactorily 
explained by the 'blanketing·' theory ( Sandage and Eggen, 1959; 
Wildey et al, 1962)& For the Hyades stars of spectral types 
F and G, metallic absorption lines are strong and numerous in 
the ultraviolet and blue regions of the spectrum. The 
continuum in these regions is depressed below the level it 
would have in a line free star, the ultraviolet region being 
most affected, the yellow region only very little affected. 
Since the strong lined stars are used to derive the standard 
relation in the two colour diagram, the weak lined stars 
appear to have an excess of ultraviolet radiation. After 
the spectroscopic abundance analysis of two subdwarfs by 
Chamberlain and Aller (1951), quantitative measures of the 
metal abundance in many other we ."''":. lined stars have been 
made, Wallerstein and Carlson (1960) have calibrated the 
relation between ultraviolet excess and metal deficiency 
and this allows, in principle, the determination of metal 
abundances in globular cluster stars which are too faint 
for high dispersion spectroscopy. Usually only the brighter 
stars in clusters are measured because of crowding problems 
and equipment limitations so that ultraviolet excesses are 
only derived for the giantso But the blanketing theory is 
only valid for dwarfs in the range O~J < (B-V) < 0~7. 
0 
7 . 
However , Eggen (Eggen and Sandage , 1964) has found empirically 
from work on bina ries that giants and dwarfs with the same 
metal abundance have the s ame ultraviolet exc ess , so that the 
giants can be used in the derivat ion of metal abundances in 
globular clusters . Arp (1959) has noted that in the two - colour 
diagram the relations for metal rich stars of luQinosity 
classes I and V intersect at (B- V) = 1~0 . 
0 
This is then a 
luminosity insensitive reference point and ultraviolet 
excesses derived at this point for globular cluster gi ants 
are presuma bly purely dependent on metal abundance . Sandage & 
Smith (1966) have found a good correla tion between this 
quantity and the Sandage - ~-lallerstein groups which we shall 
discuss later on . 
1 . 4 The Colour- Magnitude Diagrams 
Sha pley ( 1930 , p . 25) pioneered the work on globular cluster 
colour- magnitude diagrams o He found the brightest st a rs to 
be red giants and tha t fainter st a rs were progressively bluer 
down to the limit of his plates . This trend was just the 
reverse of that found in most galactic clusters . After 
Shapley ' s initial work , interest was sporadic and the very 
a ccurate study of M92 by Hachenberg (1939) wa s l a rgely ign ored . 
Then Baade ( 1 944) resolved the nucleus of M3 1 , he ident ified 
the bright red stars he found there with the globular cluster 
g iants and introduced the concept of the two populations of 
stars . This discovery revived int e r e st in the colour-magnitude 
diagrams of g lobul a r clust e rs (Population II) and especially 
in their rel a tionship to those of the gal~ctic clusters 
8 . 
(Population I) . However , no real progress was made until 
1952 since only the brighter stars could be measured , work on 
the faint stars being prevented by technical difficulties . 
The beginning of the modern era of the study of 
globular cluster colour- magnitude diagrams came , largely 
at the instigation of Baade , with the work on M92 (Arp et al , 
1953; Baum , 1952) and on M3 (Sandage , 1953; Baum , 1952) by 
the Mount Wilson and Palomar group . Colour-magnitude diagrams 
were obtained down to the main sequence in both of these 
clusters . The diagra~s are essentially similar, having a 
red giant branc h above a yellow subgiant branch which in 
turn joins on to a main sequence of relatively blue faint 
stars . About three magnitudes below the tip of the red 
giant branch , a horizontal branch extends from the subgiant 
region to very blue colours . The representative points for 
the RR Lyrae variables lie in a narrow colour range, the 
RR Lyrae "gap", midway along the horizontal branch . There 
are some differences between the two diagrams , however, 
mainly in the structure of the horizontal branch. This 
extends to bluer colours and has a higher population on 
the red side of the RR Lyrae gap in M3 than in M92. Also, 
the giant branch at a given ab sol11.te magnitude is redder in 
M3 than in M92 . Spectra of individual stars in the two 
clusters show that stars in M92 are much weaker lined than 
those with corresponding colours in M3 . Sandage (1953) 
suggested that the differences between the colour- magnitude 
diagrams are related in some way to the metal abundances in 
9. 
the cluster stars . Fro~ these two colour-magnitude diagrams 
it was apparent that not all Population II clusters have the 
same characteristics . 
To study the range in characteristics amongst globular 
clusters , Arp (1955) obtained colour-magnitude diagrams for 
five more . He found that the seven clusters could be divided 
into two groups. Clusters in group I have characteristics 
similar to those of MJ while the ones in group II are similar 
to M92 in many respects . Further , the group I clusters belong 
to Oosterhoff ' s (1939 , 1944) short period group , and clusters 
in group II belong to the long period group. 
Johnson and Sandage ( 1955) showed that the giants in Mp7 , 
an old metal rich galactic cluster , are fainter than those in 
MJ , which have intermediate metal line strengths in their 
spectra . This raised the question of how much of the region 
between the MJ and M67 giant branches in the colour- magnitude 
diagram is occupied by the globular cluster giant branches. 
Observations of some strong lined clusters were obviously 
necessary . However, these tend to occur in the nuclear region 
of the Galaxy or» at best , concentrated to the galactic disk . 
The photometry of these objects is difficult due to the 
crowded nature of the field they occupy and to the much 
larger absorption suffered by the light from them compared 
with that undergone by the high latitude clusters . 
1 . 5 The Synthesis 
The first strong lined cluster to be observed was 
NGC6356 (Sandage and Wallerstein, 1960) which was classified 
---------------------~ 
10. 
as type VI by Morgan (1959). The division of globular clusters 
into halo and disc types by Sandage & Wallerstein and their 
subsequent discussion of the differences between the types was 
something of a landmark in the study of the systematics of 
globular cluster colour-magnitude diagrams. It was suggested 
that the absolute magnitude of giants in globular clusters is 
directly dependent on the metal abundance. This effect had 
been predicted by the theoretical work of Hoyle & Schwarzschild 
(1955) and of Kippenhahn et al (1958). Further, the work on 
this cluster allowed all the previously noted correlations or 
possible correlations to be combined in a systematic way. 
The clusters for which accurate colour-magnitude diagrams 
were then available were divided into three groups on the 
basis of a parameter, 6V, defined as the height of the giant 
branch in magnitudes, measured at (B-V) = 1~4, above the 
0 
horizontal branch. This quantity is not affected by 
uncertainties in the absolute magnitude scale for globular 
clusters, though it does depend on the adopted reddening 
for each cluster. Clusters with only slight metal deficiencies 
were found to have 6V ~ 2~1. They have horizontal branches 
populated predominantly by stars on the red side of the 
RR Lyrae gap, and generally the number of RR Lyrae stars 
is small. Clusters with 6V * 2~5 have intermediate metal 
deficiencies, fairly uniformly populated horizontal branches 
and generally a large number of RR Lyrae stars, mostly a 
and b types with a mean period of about 0~55. Finally, 
m the extremely metal deficient group have 6V ~ J.0, 
1 1 • 
predominantly blue stars on the horizontal branch, and a 
mean period of about 0~65 for the RR Lyrae variables, the 
relative number of c-types being larger than in the short 
period g·roup . 
There were a few exceptions . M13 and M22 have blue 
horizontal branches but fall into the second group on the 
basis of 6V., It was suggested that some other parameter, 
such as age, may be affecting the correlations for these 
clusters. Some extragalactic systems were also found to 
be exceptional. The cluster studied by Burbidge & Sandage 
(1958) 1 number 4 in Abell's catalogue (1955) of faint clusters 
found of Palomar Sky Survey prints, has a giant branch 
similar to that of M3, but its horizontal branch population 
is confined almost entirely to the red side of the RR Lyrae 
gap . NGC 121 in the SMC (Tifft , 1963a) has a similar 
colour- magnitude diagram. 
A number of other relatively metal rich globular clusters 
has now been observed, mostly to just below the horizontal 
branch - 47 Tue (Wildey , 1961; Tifft , 1963b), NGC 6723 
(Gascoigne and Ogston, 1963) , NGC 617 1 (Sandage and Katem , 
1964) , and NGC 6712 ( Sandage and Smith , 1966) • All have a 
predominantly red horizontal branch and 6V is small , though 
there is some variation of these characteristics amongst them . 
Spectra of 47 Tue giants (Feast and Thackeray , 1960) show 
TiO bands which are not seen in those of any other globular 
cluster giants, while Kinman (1959b) finds almost normal 
metal line strengths in the integrated spectrum . The giant 
1 2 • 
branch of this cluster appears to be the f a intest of a ll such 
branches in globular clusterso Sandage and Smith (1966) h a ve 
found a progression in colour of the giants at the level of 
the horizont a l branch in the sense tha t they a re redder in 
relatively metal rich clusters by about 0~2 than in extremely 
weak lined clusters . This can be explained satisfactorily on 
the basis of differential blanketing due to the d ifferences 
in chemical composition amongst the cluster giants , together 
with differences in the position of giant sequences in the 
~~ol ' log Te plane due to changes in radius as a function of 
metal abundance (Hoyle and Schwar zschild , 1955; Kippenhahn 
et al , 1958) . In fact , the giant branches of globular clusters 
seem to be relatively well understood now . 
Figure 1.1, taken from Sandage a nd Smith (1966) , summarises 
the systematics of globular c luster giant branches . Except 
for NGC 67 12 , each cluster was f i tted to the Hyades main 
sequence a nd its d istance nodulus derive d . All the horizontal 
branches were f ound to lie a t essenti a lly the same ab solute 
magnitude . The horizont a l branch of NGC 6712 was then 
fitted to the mean of the o thers . The c o lour-magnitude 
diagrams for M92 , M1J , NGC 6712 , 47 Tue and NGC 188 a re 
plotted i n the figure; re ddening c orrecti ons, but not 
blanketing c orrections h a ve been applied . 
The d ivision of globul a r clusters into three groups 
on the basis of their metal abundances and o f the 
characteristics of their giant branches is mos t convenient , 
but it should not be al lowe d to ob scure the ·fact that in a 
--------------
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given ~V group there tend s to be a consid era ble v a riati o n in 
the structure of the horizontal branch. EvidentlY, some o the r 
parameter besides metal abunda nce is opera ting to pro duce 
almost a continuum of horizontal branch structures& An 
important task of future work on colour-magnitud e diagrams 
will be the explana tion of this variation in the appearance 
of globular cluster horizontal branches. There is also as 
yet no explanation of the incidence of variability in globul a r 
clusters, but presumably it is determine d by the same factors 
as is the horizontal branch population s 
1. 6 Thesis Outline 
The work undertaken for this thesis was conceived a s 
possibly filling in some of the gaps in the framework discusse d 
above. 
Gascoigne and Ogston (1963) showed NGC 6723 to be an 
almost unreddened disc - type globular cluster. It is thus 
the most accessible member of this group and it was decided 
to extend the c o lour-magnitude diagram to a s f a int magnitud es 
as possible in an effort to calibrate out a ny age effects in 
its colour-magnitude diagram . It h a s 24 RR Lyra e vari a bles 
(5 discovere d by the author) and s o me of these were observed 
in an effort to le a rn something of the rel a tion between the 
incidence of variability a nd met a l a bundance . 
the subject of Cha pter 3 . 
This work is 
47 Tue is obviously an important globul a r cluster 
because of its relatively high metal abundance. Pho t o electric 
photometry has beenmrrried out on a number of cluster stars 
14. 
in order to determine an accurate ultra violet excess , 
8(U-B) , for the cluster~ The results nppear in Chapter 4 . 
Close to 47 Tue and al so to the SMC , NGC 362 is well 
situatect for c omparative studies with these two objects . It 
was observed for this reason and because the proximity o f 
the SMC makes it possible t o set an upper limit on the 
reddening in front of NGC 362 , viz . the reddening in front 
of the SMC stars in the background . 
discussed in Chapter 5 . 
This cluster is 
NGC 3201 is a relatively nearby cluster and is interesting 
because it has the highest measured radial velocity of all 
the globular clusters . It was observed mainly to fill a gap 
in the author ' s observing program and is considered in 
Chapter 6 . 
Chapter 7 deals with the integrated (u- B) and (B- V) 
colours of a large number of globular clusters . This work 
was carried out with the intention of finding out if any 
information on the intrinsic properties of globular clusters 
could be gained from the (U- B) colours . 
In Chapter 2 we shall describe how the photographic 
photometry of the various clusters wa s c a rrie d out . Some 
photoelectric transfer wo rk has been done , which iB a lso 
discussed in this chapter . 
The final chapter , Chapter 8 , consists of a d iscussion of 
the structure of the horizontal branches of globular clusters . 
This has a risen mainly out of the d iscovery of the peculiar 
colour- magnitude d iagram of NGC 362 and of some recent work 
1 5. 
by Sandage and Wildey (1967). 
1. 7 Bibliography of Colour- Magnitude Diagrams 
During the course of work on this thesis it h a s been 
necessary to make const an t reference to published colour-
magnitude diagrams of galactic globular clusters . A 
bibliography of colour- magnitude d iagrams has been c ompiled 
and is given at the end of this chapter (Tab le 1 . 1) . The 
contents of the columns in the ·t able are as follows: 
1. NGC number. 
2 . Name of cluster ( M number , 6 number , etc . ) . 
J . Photometric system in which the work was done . 
UBV denotes the U, B , V system of Johnson and Morgan 
( 1953 ). PV denotes a combina tion of a blue 
photoeraphic magnitude (P) and a photovisual 
magnitude (v) , while P R d enotes a blue , red 
photographic system . Not all PV systems are the 
same and not all can be readily transformed to the 
UBV system . 
4 . The limiting magnitude of the d iagra m. 
5 . An ind ication of whether ultraviolet excesses we re 
determined ; g , hb , and ms deno te ultraviolet excess 
obtained for giants , for horizont al branch stars , 
and for main sequence stars, respectively . 
6 . A number indicat ing the rel e vant reference from the 
list a t the end of the table . Only work published 
from 1952 onwards h~s been included in the main body 
of the t a ble ,, Some earlier studies h a ve been included 
16. 
in the notes at the end of the table . 
For convenience, some extragalactic systems, all 
the intermediate-age clusters and all the old 
galactic clusters known to the author for which 
colour~magnitude diagrams have been published are 
also included in the table . 
TABLE 1 • 1 
Bibliography of Globular Cluster Colour- Magnitude Diagrams 
NGC Name System ml . 6 (u- B) a Reference im 
Galac tic Globular Clusters 
104 47 Tue UBV 14.6 1 
UBV 18.5 2 
4 147 UBV 18 .3 g,hb J 
5024 M53 PV 19 4 
UBV 18.5 5 
5139 w Cen PR 15.8 6 
UBV 19.5 7 
UBV 16 . 3 8 
5272 M3 PV 19 . 3 9 
PV 21 • 2 10 
UBV 22 g,hb,ms 1 1 5466 PV 19 43 5904 MS PV 16 . 5 12 
UBV 22 g , hb , ms 13 
6 17 1 UBV 16 . 4 g , hb 14 
6205 M13 PV 2J 15 
PV 15 . 4 16 
UBV 17 . 6 g , hb 17 
PV 18 . 3 18 
UBV 21 • 5 ms 19 
6254 i110 PV 16 12 
634 1 M92 PV 18 .7 9 
PV 19 .5 20 
UBV 16 .2 g , hb 21 
6356 UBV 19 . 2 22 
6397 6366 P R 16 23 
UBV 18 . 1 g , hb,ms 24 
UBV 17 g , hb 25 
6522 UBV 17 26 
UBV 1 6 . 6 27 
7 
18. 
Table 1.1 
NGC Name System ml . 6 (U- B) Reference im 
6656 M22 PV 15 .5 28 
6712 UBV 17 29 
6723 t57J UBV 16 . 4 JO 
6752 6295 UBV 16 JO 
7078 M15 PV 17 12 
7089 M2 PV 17 12 
7 492 PV 17.5 31 
Extragalactic Globular Clusters b,c 
Pal 
~} UBV 22: J2 Pal 
Pal 1J UBV 21. 3 33 
Intermediate-Ae;e Clusters d 
752 UBV 14 ms J4 
UBV 16 g , ms 35 
2 158 UBV 19 g , ms 36 
2477 UBV 16 g , ms 37 
7789 UBV 16 . J g , rns JS 
Old Galactic Cluster s 
188 UBV 1 9 " 5 g , ms 39 
2682 M67 UBV 16 . 5 g,ms 40 
UBV 16 g , ms 41 
679 1 UBV 20 . 5 42 
.._----------------------,-
Notes to Table 1 . 1 
a) See also: 
Eggen , O. J . 1960 , The two - colour relation for horizon-
tal branch stars in globular clusters , M. N.A.S . S . A., 
19, 115 • 
....._..._. 
Arp , H. C. 
metal 
A . J . ' 
1958, The absolute magnitudes , colors , and 
abundances of stars in globular clusters , 
64, 441 . 
,_.___ 
b) A summary and a list of available colour-magnitude diagrams 
for gl obul a r c lusters in the Magellanic Clouds are given 
i n: 
c) 
Gascoigne , S . C . B. 1966 , M.N . RAS , 134 , 59 0 
.........,..._, 
The colour- magnitude diagrams of two dwarf galaxies 
(Draco and Sculptor) indicate that these systems may have 
a similar stellar content to that of the galactic globular 
clusters, at least as far as the brighter members are 
concerned . However , there seem to be some anoma lous 
features i n the Sculptor colour-magnitude diagram which 
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CHAPTER 2 
PHOTOGRAPHIC AND PHOTOELECTRIC PHOTO:METRY 
A considerable amount of photographic photometry has 
been done in the course of the work to be reported in this 
thesis , and it is convenient to consider at this time the 
procedures used~ Furthermore, photoelectric transfers were 
made to some Sma ll Magellanic Cloud (SMC) stars for use as 
local standards for NGC 104 (47 Tue) and 362 , and to two stars 
near NGC 6723, all in the same observing run. We shall 
describe these observations here and refer back to the 
results when necessary in l a ter chpaters . 
2 . 1 
a) 
Photographic Photometry 
Colour :=snn.t iQns : The 40 - inch telescope at Siding 
Spring Observatory was employed to obtain most of the plates 
measured for this thesis . This telescope is used at the 
Cassegrain focus of f/8 , and its Ritchey- Chretien optics 
give a field of good definition of at least 40 min of arc 
in diameter with a scale of 26 11 /mrn ., Under good conditions 
(good seeing , new mirror surface) , stars of V ~ 17m can be 
reached in about 10 minutes. The plate-filter combinations 
used with the 40-inch telescope for U,B ,V photographic 
photometry are: 
V: Eastman 103a - D + 2mm Schott GG14* 
B: Eastman 103a -O + 2mm Schott GG13 
u~ Eastman 103a-0 + 2mm Schott UG2 . 
* Johnson (1955) originally recommended tha t a yellow 
23. 
sensitive plate with 2mm Schoot GG11 be used to obtain V 
magnitudes on the U , B , V system~ Since then, manufacture 
of this type of filter has ceased, but it has been replaced 
by an equivalent filte~ , viz. GG14. 
Since the effective wavelengths of the bands defined 
by these combinations may differ from those of the U,B,V 
system , some plates were tested for the presence of a 
colour equation between magnitudes on this system and 
magnitudes derived photographically . The galactic cluster 
M67 is an ideal test object for this purpose since it 
contains many stars in a small interval in V magnitude over 
a wide range of (B- V) colour. Accurate photoelectric 
photometry has been carried out for these stars by Johnson 
and Sandage (1955) and by Eggen and Sandage (1964) . 
blue (B) and two yellow (v) plates were obtained by 
Dr . Gascoigne who kindly lent them to the author for 
Three 
measurement . Details of these plates are 0 iven in the 
following table (Table 2.1). No ultraviolet plates were 
available. 
V: SJ70 
SJ71 
TABLE 2. 1 
Plates Measured 
10 minutes 
10 minute s 
B: s367 
s368 
s369 
5 minutes 
5 minutes 
5 minutes 
0 All developed in D19 at 20 C for 5 minutes , fixed in acid 
fixer , and washed in filtered water . 
--..._---------------------,. 
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The plate s were measured by the author on the Sartorius 
Iris Photometer at Moun t Stromlo . Only stars in a one 
magnitude interval were use~ and calibrat ion curves were 
obtained for each plate from plots of photoelectric 
magnitude against iris reading for thes e stars. The deviations 
in magnitudes of each star from the mean curves were averaged 
over three plates f or B or over two plates for V a nd plott ed 
against the photoelectric (B-V) colour as shown in Figs . 2 . 1(a) 
and 2 .1 (b) . The residua ls are measured in the s ense 
(photoelectric - photographic). The least squares straight 
lines through the points a re given by : 
LlB 
-
B - B = - 0 . 02(B-V) + 0 . 01 pg ••••• ( 1 ) 
±0.02(s . e . ) ±0 .01 (s . e . ) 
Ll V = V - V = o . o84(B- v) - 0 . 06 pg • • • • • (2) 
±0 • 0 3 ( s • e • ) ±0 . 02(s . e . ) 
There is a significant colour equation in the V magnitudes , pg 
but B is essentially on the U 1 B ,V system . pg 
The above process was repeated for the V measures , but 
this time with iris reading plotted against V as obtained pg 
from equa tion (2) . The devi a tions from the calibration 
curves for the two yellow plates were again averaged for 
each star a nd plotted a gainst B- V. No further colour dependeuce 
was found and equation (2) was a dopted as final . 
We may rewrite equation (2) as 
V - V = -o.o84((B- V) - 0 . 71) . pg • • • • • ( 3) 
For a smal l magnitude interva \ we should expect the CTean 
value of (v - v) to be zero , and hence the constant inside pg 
+· 
-·1 -
+· 
(b) • 
-
+· 
(C} 
0 
0 
~ur.-- oo-- --o- ------- - -0- ---0----0,0,.:)-----~ 
·2 
-v 1·0 1·2 
Figu re 2 . 1 : Residuals in the sense (pe - pg) plotted again~t photo-
electric (B - V) c o l ours f o r stars in M67. 
2 5. 
the brackets in equation (J) should be equal to the me a n 
colour of the stars used to obtain this equation. The a ctua l 
mean (B-V) colour of the stars measured in the present c a se 
is 0~66 , which agrees well with the above figure. 
Some photographic photometry was also done on plates 
obtained at the Newtonian focus (f/5) of the 74-inch 
telescope at Mount Stromlo . The scale of these plates is 
II 
22 . 6/mm . Another set of filters of the same types as used 
with the 40-inch were employed here . Only one yellow plate 
and one ultraviolet plate of M67 , both taken by the author 
under poor seeing conditions , were available for measurement . 
A significant colour equation was found for the yellow plate 
and a fairly uncertain coefficient of 0 . 1 was derived . This 
was adopted and carefully checked when any 74 - inch plates 
were measured . Only a small number of stars was measured on 
the U plate , and Fig . 2 . 1(c) shows a plot of the residuals , 
6U , in the sense (photoelectric - photographic) against B-V. 
There appears to be no colour equation . In the absence of any 
other evidence , the 40- inch photographic U magnitudes were 
also assumed to be on the U,B , V system. The a dopted 
transformation equations from photographic magnitudes (vpg ' 
B , U ) to magnitudes on the U , B,V system are summarised pg pg 
in Table 2 . 2 . 
TABLE 2 . 2 
Photographic Transformation Equa tions 
Emulsion+ Filter 40-inch 74-inch 
10Ja-D + GG14 V = V + 0 . 08 ( B-V) V = V + 0 . 10 ( B-V) pg pg 
10Ja- 0 + GG1J B = B B = B pg pg 
10Ja-0 + UG2 u = u u = u pg pg 
26. 
Kinman (1965), using 10Ja-D + GG11 has found a similar 
colour equation to those found here, though his is somewhat 
more marked, viz. 
V = V + 0.155(B-V) + canst. pg 
Johnson and Sandage (1955) found no colour equation for this 
same combination, and Arp (1965a)found non-linear corrections 
necess~ry, even for the blue magnitudes obtained with 10Ja-0 + 
GG1J. It is evidently important to test for colour equations 
in any plate-filter combination used, especially if the 
standard stars and the program stars have significantly 
different mean colours. Also, it is hardly necessary to 
state that , whenever these equations are used, the magnitudes 
derived from them should be checked carefully to ensure that 
they are in fact on the U,B,V system. 
b) Plate Reductions: All photographic measurements 
reported in this thesis were ~~de with the Sartorius Iris 
Diaphragm Photometer at Mount Stromlo Observatory. This 
instrument is similar to that described by, for example , 
Argue (1960), but has been modified to Make it semi-automatic 
in operation. A servo-motor attached to the iris diaphragm 
changes the iris diameter in such a way as to balance the 
intensities of the measuring and comparison beams. To make 
a measurement on a star, one centres its image in the iris 
and then shifts the plate carriage slightly in the X and Y 
directions until a maximum iris reading is found. An easily 
reproducible, objective result is obtained in this way. 
The measuring procedure was standardised as follows; 
d 
' 
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1) The carriage wa s levelled, the e mulsion focussed on 
the viewing screen and the iris focussed on to the e mulsion; 
2) the background fog reading wa s r·o t a nd the background 
checked for constancy across the pla te; 
J) the photoelectric standards were then me a sured , 
followed by the program stars . The nor~a l me a suring rate 
was about 1 10 stars per hour . The standa rds were remeasured 
every hour to check for drift in the photo - cell and a mplifier . 
Provided the instrument had been allowed sufficient time to 
reach thermal stability (about 45 minutes) , the sensitivity 
usually remained constant for periods of the order of 5 hours 
or more . Linear corrections were applied to the measur es of 
the program stars if any drift wa s detected. 
4) Calibratio n curves were then drawn by eye in a plot 
of the iris readings of the standards against their magnitudes 
which had been previously converted to the photographic system 
via the relevant colour equation from Table 2.2 . All of the 
iris measures were punched on cards and processe d on the IBM 
1620 computer at g aunt Stromlo with a reduction program due 
originally to Prof. Gascoigne . The progra~ uses a second order 
interpolation formula . Each calibration curve is represented 
in the program by sixteen magnitudes re a d a t equal intervals 
in iris reading from the curveo Up to eight pl a tes , with an 
unlimited number of stars on each 1 can b e process e d a t onc e . 
iean magnitudes are computed for the yellow and for the blue 
plates . The colour equations from Table 2 . 2 a re a pplied in 
reverse to give V and B-V on the U, B, V syste m. For e a ch st a r 
28 . 
the photographic magnitudes from all plates and the mean V 
and B- V are output on a punched card . These cards were then 
used with a program written by the author to produce a colour-
magnitude diagram on the IBM 1627 curve plotter at Mount 
Stromlo .. 
5) Finally , the residuals for the standards were plotted 
against B- V to check that no colour equation remained . 
2 . 2 Photoelectric Transfers 
In photoelectric measurements of stars in globular 
clusters , it is convenient to refer each night ' s observations 
to a few stars in or near the cluster . This removes the need 
for accurate deter minations of the extinction coeffi c ients 
on each night . These secondary standards can then be 
transferred to the U, B, V system on only the best nights . Such 
a procedur e has been fo l lowed in the observational programs 
on the clusters NGC 362 , 104 (47 Tue) and 6723 . The stars 
measured , and the clusters for which they have been used as 
sec ondar y standards are listed in Table 2 . 3 below . 
are identif i ed in the relevant chapters . 
TABLE 2 .. 3 
Local Standards 
Star Cluster Star Cluster 
SMC - p 362, 104 47 Tue - 13 104 
The stars 
(Wesselink a; see Wildey , 1961) 
SMC - Q 362 , 104 NGC 6723 - 1 6723 
SMC - T 362 NGC 6723 - 5 6723 
SMC - E 362 , 104 
29. 
The stars P , Q, T and E are only a small distance south of 
both NGC 362 and 47 Tue . 
The 40-inch telescope at Siding Spring Observatory was 
used on three nights , vizo 22 1 23 , 24/10/66, for the transfers. 
A single channel photometer of the type described by Johnson 
(1962, Fig . 8) was employed at the Cassegrain focus (f/18, 
scale = 11 "/mm) ; the cell was an RCA 1P 21 operated a t 800 
volts and cooled to dry ice temperature . The signals were 
recorded on a Brown strip chart recorder in parallel with a 
General Radio d.c. amplifier, type 1230-A. The ampl ifier 
shunts were calibrated once during the run, a bright star 
being used as a constant current source for the coarse 
shunts and a battery as a constant voltage source for the 
fine shunts . All measurements were made through 2n aperture 
II 
of 16 .5 diameter with the following filters: 
V: 2 . 75mm Corning 3384 
B: 2mm Schott GG13 + 1 mm Schott BG.12 
U: 2mm S chott UG2. 
The time sequence of observations was generally y* , b* , u* 
' 
u , b , y , y* , b* , u* , where y* denotes an observation of the 
star through the V filter , etc ., and y denotes an observation 
of the sky through the V filter , etc. 
To obtain magnitudes , V, and colours , B- V and U-B, on 
the U , B , V systems the essential steps are as follows: 
1 ) Measure the deflections , d , db ' d , corrected for y u 
the sky contribution, on the chart. In the present case, 
the deflections were measured with a logarithmic scale and 
JO . 
log d , log d and log d were found directly. y b u 
2) Compute the magnitudes , y, band u, and the colours , 
b - y and u - b, on the natural syste~ of the 4O - inch , where 
y = s 2 . 5 log d y' etc .. y 
and where s y' Sb and s are the sensitivity constants u 
corresponding to the amplifier shunts used . 
J) Compute the extinction coefficients from the variation 
of u , b - y and u - b with sec z for the extinction stars , wh i ch 
have been observed over a large range of zenith angle , z . 
4 ) Obtain magnitudes and colours corrected for extinction 
to outside the atmosphere as follows: 
yo = y - k sec z y 
(b - y) = (b - y) - ¾-y sec z 0 
(u-b) = (u- b) - k sec z , 0 u - b 
where the extinction coefficients , k , k y --b-y ' 
found in step (J). 
k b ' have been u -
5) Use the known U , B, V magnitudes and colours for the 
primary standards together with their natural u
0
, b
0
, y
0 
magnitudes and colours to derive the transformation equations 
between the two systems . 
6) Derive V , B- V and U-B for the program stars from 
these transformation equations . 
7) Check that the final magnitudes and colours are on 
the U, B , V system. 
All of the stars in Table 2 . J except NGC 6723- 5 were 
measured on the three nights together with stars from regions 
E8 and E9 and some of the Johnson-Morgan equa torial standard 
31 • 
stars . The stars E8:11 (FO) and EB:29 (KO) were used as 
extinction stars . The extinction coefficients obtained were 
as follows: 
Date 22/10/66 
1
~ (mag/sec z)0 . 24 y 
23/10/66 
0 . 17 
24/10/66 
0 . 18 
k b-y 
k 
u-b 
II 
II 
o . 100- o . 04(b-y) o . 115-o . 04(b-y) o . 100- o . 04(b-y) 
0 0 0 
0 . 3 1 0 . 33 0 . 31 
The EB , E9 and Johnson- Morgan stars were then used to 
obtain the transformation equations . The mean equations are 
given below , the range of variation of each constant being 
noted in brackets: 
B-V = 0 . 933 (± .. oo)(b-y) + or;1ss (± . 01) 0 
U- B 
- 1 . oo (± . oo) (u- b) - 1 ~120 (± . 01) for (U-B) > 0~04 0 
= 0 . 93 (± . 01) (u-b) - 11!121 (± . 02) for (U-B) < 0 1~04 0 
V = Yo + 1~39 (22/10/66) 
yo + 1~30 (23/10/66) 
Yo + 11;'132 (24/10/66 ) 
No c olour equation was found for the V magnitudes . The 
complex nature of the (U-B) transformation indicates that 
there is a significant difference between the co mbination of 
Schott UG2 + (1P21 attached to the 40-inch)and the original 
combina tion of Corning 9863 + (1P21 used to define the U 
magnitud of the U , B, V system) (Johnson, 1955) . Such effects 
have been noted by other workers (e . g . Walker , 1964; Smak , 
1962) . Provided we are interested only in stars with U-B 
> 0~10 or with U-B < 0~10, the UG2 filter is satisfactory if 
--
the standard stars used have the same range in U- B as the 
32 . 
program stars o However , for measurements on stars over a 
large range in U- B, a Corning 9863 filter is evidently 
necessary if a linear transformat ion to the U , B, V system 
is to be obtained . Of course, difficulties may also be 
encountered even when this filt e r is used if the cell i s 
other than an RCA 1P21 . 
It was usually possible to decide , on the basis of its 
(B- V) colour , to which line a given star should be referred 
in the vicinity of U-B = o?o4 , but this is obviously not a 
very satisfactory procedure . Table 2.4 lists , in columns 
2 to 4, the published values of V , B-V , and U- B for the 
E-region standards (Cousins and Stoy , 1961) 
1963). Johnson- Morgan standards (Johnson , 
and for the 
Columns 5 to 8 co 
contain the observed magnitudes and colours an d the number 
of observations of e ach star . The mean errors for the 
observed values are ±0,02 in each of V, B- V and U-B, as 
judged by the night to night diffe rences for each star. 
The magnitudes and colours obt a i ned for the secondary 
standards a re listed in Table 2.5, column s 2 to 4. All were 
observed on the three nights except for NGC 6723 - 5 , whic h 
was observed only twice . The st ars Q, E and 47 Tue - 13 were 
observed on three further n ights together with stars from 
regions EB and E9 in t he cours e of the program on 47 Tue . 
Star P was similarly observed once more . The same r esults 
as thos e listed in Table 2 . 5 were obtained on those nights 
for the magnitudes and colours of these stars except that the 
mean of all six V magni tudes for star Q was 10~66 . 
33 . 
TABLE 2 . 4 
Pho t oelectric Standards 
Star V B- V U- B V B- V U- B n 
EB 
2 7 . 89 - 0 . 0J - 0 . 25 7 . 90 - 0 . 02 
- 0 . 25 2 
1 1 7 . 69 0 . 23 0 . 06 7 . 69 0 . 24 0.09 J 
15 8 . 06 o .. 47 - 0 . 0 1 8 . 07 o . 47 0 . 0 1 2 
16 8 .48 o . 44 
- 0 . 07 8 . 49 o . 44 - 0 . 06 1 
26 6 . 54· o. 88 0 . 58 6 . 53 o . BB 0 . 54 2 
28 6 .57 1 • 22 1 • 22 6 . 56 1 . 24 1 • 22 1 
29 6 . 93 1 . 01 0. 8 1 6 . 92 1. OJ 0 . 8 1 J 
33 7 . 86 1 . 1 1 1 • 0 1 7 . 90 1 . 07 1 . 10 1 
E9 
1 8 . 05 0 . 05 0 . 04 8 . 06 0 . 06 0 . 09 J 
8 8 . 2J 0 . 37 - 0 . 02 8 . 22 0.36 o . o4 1 
10 8 . 0 1 0 .37 - 0 . 06 8 . 11 0 . 38 - 0 . 06 1 
19 8 . 50 o . 64 0 . 1 J 8 . 5 1 o . 64 0 . l J J 
20 8 . 4J 0. 89 0 . 53 8 . 43 0 . 91 0 . 53 2 
JO 6 . 84 1 • 1 J 1. 07 6 . 8J 1 • 1 J 1 . 07 1 
31 7 . 24 1 . 46 1 . 72 7 , 25 1 • 46 1 • 76 1 
44 5 . 50 1. 32 1 . 42 5 . 49 1 . J4 1 • 43 1 
56 8.,JJ 1 . 08 0 . 9 1 8 . J4 1 . 07 0 . 9 1 J 
Johnson- Morgan 
HD 184279 6 . 82 0 . 02 
- 0 . 83 6 .. 82 0 . 01 
- 0 . 83 2 
20630 4 . 82 o . 68 0 . 18 4 . 85 o . 66 0 . 19 1 
216494 5 . 8 1 - 0 . 08 
- 0 . 32 5 . 82 - 0 . 07 - 0 . JO 2 
35299 5 . 70 -0. 22 
- 0 . 87 5 . 72 - 0 . 23 - 0 . 88 2 
36395 7 . 97 1 . 47 1 0 21 7 . 97 1 • 41 1 . 1 4 1 
3659 1 5.35 - 0 . 20 
- 0 . 94 5 . 33 - 0. 19 
-0.93 2 
J4 . 
TABLE 2o5 
Photoelectric Transfers 
Star V B- V U-B 
SMC - Q 10065 1 • 20 1 . 21 
p 10.32 0. 19 O. 14 
T 10,,77 o .. 44 -0 .. 01 
E 7 . 79 1 0 1 2 1 • OJ 
47 Tue - 13 11 .. 92 1 • 60 10 84 
NGC 6723 - 1 10042 Oo58 -0 .. 02 
NGC 6723 - 5 13.,34 1 e 48 1 • 65 
In Table 2,.6 we have assembled all the published 
photometry for the SMC stars . Successive columns contain 
the results from different workers, the references being 
given below the table . The last column is taken from Table 
2.5 . The (B-V) colours from the present work agree well with 
those in Table 2.6 . There a re few (U-B) colours published, 
but , if we ignore the results of Eggen & Sandage (column 2) 
which appear to be incorrect , our results agree reasonably 
well with them . However, the V magnitudes obtained here tend 
to be fainter than those in the rest of the table, especially 
in the case of q . It is difficult to find a re ason for this 
effect considering the small residuals obt ained for the E-
region stars and the fact that the observations of the 
standards and of the program stars were made at effectively 
equal altitudese Also, although the program stars are in 
general somewhat fainter than the standards and were 
consequently measured with different amplifier sensitivities 
.,_, --------------- - --------,-
TABLE 2 . 6 
Comparison with Tublishe d Hesult c 
( 1 ) (2) (J) (4) (5) (6) 
SMC - Q 
V 10.56 10.56 10.61 10.57 10.58 10.57 
B-V 1.175 1 • 16 ( 1 • 22) 1. 20: 1 • 1 9 1 • 18 
U- B 0.61 
SMC - p 
V 10.25 10.JO 10.27 10.29 10.28 10.29 
B-V 0. 185 0. 16 (0.22) 0. 19 0. 18 0. 18 
U-B 
-0. 10 
SMC - T 
V 1 o. 74 10.80 10.77 10.76 10.77 
B-V o.hJJ o.405 (o.42) o.4J 0.39 
U-B 
-0.07 
SMC - E 
V 7.728 7.76 7.74 
B-V 1 • 101 1 • 11 5 1 • 10 
U-B 1.085 1. 05 
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from them , the calibra tion procedure noted abov e should have 
eliminated any effects due to this difference . Sin ce, as 
noted above , the same results were obtained for the SMC 
stars on several other nights , the magnitudes and colours 
listed in Table 2. 5 for these stars were adopted anc. used 
throughout this thesis . 
The star 47 Tue - 1J is also star a of Wesselink ' s 
sequence (Wildey, 1 961) • Wildey lists the magnitude and 
colour of this star as V = 11 ~78, m6 B-V = 1 • 0 . Again , there 
is good agreement in (B-V) colour with the present results , 
but the V nagnitude obtained here is 0~14 fainter than 
Wesselink ' s value . We shall consider this point again in 
Ch~pter 4 ., 
I 
CHAPTER 3 
NGC 6723 
37. 
h m The globular cluster NGC 6723 (a1950 = 18 56.7 , 
&1950 = - 36°42
1 ) passes almost directly overhead at Mount 
St romlo. It is a disk type cluster as evidenced by its mean 
i ntegrated spectral type of G3 (Kinman , 195 9b ; I~ron & Mayall , 
1960) , by its position in the Galaxy (tII = 0~07, bII = -1 7~3) , 
and by its colour-magnitude diagram (Gascoigne & Ogston , 1963) . 
It is situa ted in a relatively absorption free region and is 
consequently the most suitable cluster of this type for 
detailed _study . From this cluster we should be a ble to obt ain 
a clearer picture of the relationship of comp a r a tively metal 
rich globular clusters to those with intermedait e and extreme 
metal deficiencies. 
With this in mind , an a ttempt has been made to extend the 
colour-magnitude diagram to the main sequenc e so that an 
absolute comp a rison with M3, say, could be made . For this 
comparison, blanketing corrections a r e necessary , so the program 
was to include a measurement of the ultraviolet exc ess in the 
cluster stars . However , the work on the clust e r has been 
severely restricted because of unfavourable weather conditions 
in two successive years of observing . Consequently , the 
photoelectric sequences are not as securely determined as they 
might be , and the r esults of the photographic photometry based 
on these sequences are als o somewhat uncertain . The majority 
of the observations have been ~ade through trn Band V filters 
, 
38 . 
only . The bright sequence stars are exceptional in having 
ultraviolet colours. The first three sections of this cha pter 
are concerned with the colour-magnitude diagram of the cluster. 
Strong-lined globular clusters generally have few RR 
Lyrae variables, or none at all . NGC 6723 is similar to 
NGC 6 171 in having 24 cluster type variables, a relatively 
large number , although both have late spectral types . Five 
of the v ariables in NGC 6723 were discovered by the author in 
the present study . One other variable, of unknown type, was 
a ccidently discovered when this star was used as a standard 
for the iris photometry of the bright stars in the cluster . 
The fourth section of this chapter is devoted to the variable 
stars. 
3 .1 'lbe 6olour-tiagnitude Diagram for the Bright stars 
With the 5O- inch telescope at Mount Stromlo, the faintest 
stars that can be centred visually in the aperture of the 
photoelectric photometer have V ~ 16~5 . For stars fainter 
than this, offset photometry is required . It will be 
convenient to discuss the bright and the faint stars separately 
and we shall take V = 16 . 5 as the point of division between 
the two groups of stars. We consider the bright stars first . 
a) Photoelectric Sequence : In Cbapter 2 it wa s 
noted tha t two local standards ne a r NGC 6 723 were measured on 
three nights during a photoelectric transfer program with the 
4O-inch telescope . Four other stars ne a r th e cluster were 
measured once each during this run . Observations of a ll the s e 
and of a further five stars were made on one more night 
39 . 
(20/7/66) with the 50- inch telescope at Mount Stromlo with the 
equipment described in Chapter 6 . Stars from r egion ES wer e 
taken a s primary standa rds for this night~ Of these 11 loc a l 
standards, one was found later to be a v a ri a ble and this st a r 
will be discussed a t the end of the chapte r . The photoelectric 
sequence is completed by two stars measured onc e each by 
Professor Gascoigne, For these 12 st a rs , we have listed in 
columns 1 to 5 of Table J o1 the following quantities: 
2) v , J) B- V , 4 ) U - B , and 5 ) 1) identification number , 
number of observations . A finding ch a rt for the photoelectric 
standards a nd for the variables in NGC 6723 is shown in 
Figure J .1 0 The variable stars are indic a ted by a "v" preceding 
the n umber from Sawyer ' s list ( 1955) , except for number 8 which 
is lost in the crowded central region of the cluster. The 
circle in the figure defines approx i ma tely the region within 
which iris photometry wa s carried out for the bright stars . 
The interna l accuracy of the photoelectric magnitudes 
and colours as judged from the differences between the v a lues 
obtained for the sta~s measured twice is ± . OJ in V, ± . 02 in 
B- V, and ±005 in U- B (me an error) ~ The external a ccira cy 
should be of the order of tha t found for stars 1 and 5 in 
Chapter 2. 
b) Photographic ; 'hotometry ~ A circl e of di ame ter 
I 
7 o5, divided into four qua drants for convenienc e of measure-
ment, define s the a re a fro m which bright stars were chosen 
for iris photometry . The procedures and equipment described 
in Ch apter 2 were used for the measurements and reductions . 
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Figure 3 . 1 : Finding chart for the photoelectric sequences and for the variables in NGC 6723. 
The regions in which iris photometry was done are outlined, Reproduction from a 30 minute 
yellow plate taken with the 40- inch telescope, 
4o. 
TABLE J . 1 
Brigh t Stan dard Sequ e n ce 
Pho t oelectric Pho togr aphic 
Star V B- V U- B n V B- V 
1 10 c42 a58 -. 02 4 10 . 42 . 60 
2 1 1 . 5 J 1 • 02 . 80 2 11 0 50 1 0 02 
J 12., 46 .. 5 1 . OJ 2 12047 
. 57 
4 1J .. 08 056 . 08 1 1 J . 1 1 
. 55 
5 1J .J4 1 • 48 1 e 65 J 1 J 0 28 1 • 54 
6 1J . 68 .. 64 . 1 2 2 13,, 70 0 59 
7 1Jo 68 1 • 63 2o08 1 13 . 69 1 • 61 
8 14068 ,, 57 .oo 1 14068 
. 55 
9 1 5 n 17 1 "05 . 94 1 1 5 . 1 9 1. 05 
10 15.45 .. 54 . 29 1 15 . 39 . 57 
1 1 15068 n55 15 c 67 . 59 
12 16 . 35 1. 00 16 . 43 • 9 1 
41 • 
The plates measured a re listed in Table J.2. Two yellow and 
two blue plates obtained with the 40-inch tele scope a nd one 
blue plate with the 74-inch telescope stopped down to 45 
inches were used to obtain the colour- magnitude diagram . 
Details of these plates appear in the upper part of the tabl e . 
The three plates in the lower part of the table, all obtained 
with the 40- inch, were used to check the magnitudes and colours 
of some stars . 
V: S 178 
s687 
s666 
s700 
TABLE J.2 
Plates Measured for Bright StarE 
1 OJa-D+ GG14 
10Ja-D+GG14 
10Ja- D+GG14 
10Ja- D+GG14 
20 
JO 
JO 
JO 
B: S 193 
S727 
4192 
s661 
10Ja - O+GG1 J 
10Ja-O+GG1 J 
1 0 J a - O+ GG 1 3 
10 J a -O+GG 1 J 
10 
25 
20 
JO 
After the first plate in e a ch colour had been measured, 
it was realised that some very blue stars had been missed 
since they are below the limit of the bright photoelectric 
sequence , and since a finding cha rt fro m a yellow plate had 
been used . These stars together with a number of redder stars 
of about the same visual magnitude were then incorporated i nto 
the program and measured on all five plates. The two stars, 
numbers 15 and 16 , from the f aint photoelectric sequence 
(see Table J.7, and Figure J.1) were employed to extend the 
sequence to V ~ 17~4 and B ~ 18~0 . These l atte r stars a re 
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Figure 3. 2 : F inding chart for the bright stars in GC 6723 which were measured photographically. 
Variables are indicated by a 'v' preceding an underlined number. Reproduction from the same plate 
as Fig. 3.1. 
• 
• 
42 . 
some distance on the plate from the bright star region with 
the consequent possibility of transfer errors . It was felt 
to be preferable , though , to use them to define the faint 
extension of the c alibration curves rather than to extrapolate 
the curves to the plate limit without their aid . 
A total of 360 stars was measured in the four quadrants 
and these are identified in Figure J . 2 . The variable stars 
are again indicated by a "v" preceding the number , which is 
underlined in this figure , e . g . V2J . 
The iris readings for the standards were interpolated into 
the calibration curves they defined and the mean magnitudes and 
colours of these stars are listed in columns 6 and 7 of Table 
3 . 1 • Table J . 6 at the end of this section contains the final 
mean magnitudes and colours for the 360 program stars . The 
residuals , 6V , 6B , and 6(B- V) , in the sense (photoelectric-
photographic) , are plotted against photoelectric (B-V) colours 
for the standards in Figure J . J . These residuals are satis--
factorily small , and the plots indicate the colours and 
magnitudes of Table J . 6 to be systematically on the U,B , V 
system . From the plate to pla te differences in V and in B 
for the program stars , we find the mean errors for an entry 
in Table J . 6 to be ±. 06 in V and ± . 09 in B-V . These figures 
are influenced to a considerable extent by the relatively 
large scatter found for the stars closest to the cluster 
centre . The measures for the stars further out agree somewha t 
more closely than the formally calcul a ted errors would 
indicate .. 
+·10 -
~v r----c>--------------------------~ 
-· 10 
+· 1 
-·J 
+·10 -
I 
~ v-------------~~~---------------~ 
-· 1 
1·0 -v 1·2 1·4 1·6 
Figure J.J: He~idual!::! in th0 ~C'nEH' (p<· -rg) pJolt<'d agai11~t plloto-
f'lectric colours for th0 bright standard-"' in \(;(' (>7'!'}. 
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c) The Colour-Aagnitude Diagro.n : In Figure 3 . 4 we 
have plotted the colour-magnitude diagram for the bright stars . 
There are several distinctive features about it which we sh a ll 
now consider . If the reddening is assumed to be negligible 
(see Part (ct)) , then 6V = 21!122 for this cluster . This is 
somewhat l arger than the v alue found by Gascoigne & Ogston 
(1963) for two reas ons , viz . ~the giant branch in Figure 3 . 4 
is much more clearly defined than that in Gascoigne's Figure 1, 
ana this branch is found to be ,.,__()~1 to 0~2 bluer at a given V 
in the present study than in Gascoigne's . The present result 
is felt to be preferable because , in Figure 3 . 4, the colour 
of the giant branch at the level of the horizontal branch 
is (B-V) = 0~9 1, which agrees very well with the results o , g 
for other disk type clusters (Sandage & Smith, 1966) . 
The diagram for NGC 6723 is quite similar to that for 
NGC 67 12 , though there is one outstanding difference. The 
horizontal branch of NGC 6712 abuts the red giant branch at 
a very red intrinsic colour; so does that in NGC 6171 . 
However , in NGC 6723, there is a "gap" of about 01!12 in B-V 
between the red end of the horizontal branch and the giant 
branch . This feature als o appears in Gascoigne's diagram , 
but is there more pronounced because of the redder colour 
of the giant branch. The exact width of this gap is 
uncertain because a quite well defined asympt otic branch 
appears to join on to the r ed end of the horizontal branch 
in Figure 3.4 . In 47 Tue , there may be gap of the type 
noted here , but of somewhat smaller width in B- V (Tifft, 1963b) . 
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The horizontal branch is slightly more heavily populated 
on the red side than on the blue side of the RR Lyrae gap, 
which extends from B-V = 0~10 to B-V = 0~42. 
Finally, the distribution of the blue stars in the cluster 
is peculiar . In the following table (Ta bl e 3 . 3) we have 
tabulated , for each quadrant , a ) the total number of stars 
measured ( N), b) the total number of st a rs on the blue side 
of the RR Lyrae gap ( NB ), c) the number of RR Lyrae vari ables 
(NRR) , and d) the number of stars in the colour range 
o.42 ~ B- V ~ o . 62 on the red side of the horizontal branch (NR). 
TABLE 3 . 3 
Distribution of Blue St a rs 
Quadrant N NB NRR NR 
I 99 9 4 12 
II 91 16 8 8 
III 85 10 5 5 
IV 85 7 4 4 
Total 360 42 21 39 
There is a quite distinct concentration of blue stars a nd 
of RR Lyrae stars in qua drant II . The colour-magnitude 
diagrams for the 4 regions, apart from the differenc es in the 
distribution of stars along the v a rious branche s, show no 
systematic differences in colour or in lumi n osity so t ha t the 
observed clumping of blue st a rs is not a diffe renti a l 
reddening effect . 
One further point a rising from Table 3.3 concerns the 
ratio, NRR/NR . Rodgers h as recently pointed out (Searle & 
edgers, 1966) tha t , in the globular clusters for which the 
45. 
requisite data are available , the ratio h a s the value 2 .J. In 
the present case we find a value of 0.5. To obtain the larger 
value we should require JO of the stars on the red side of 
the RR Lyrae gap to be field stars. However , from the table 
given by Allen (p . 2J4, 19 63) we expect about 29 field stars 
to occur within the a re a photonetered brighter than V = 16m, 
while some 13 of these should be brigher than V = 15m. These 
figures have been confiroe d approximately by means of star 
counts in two field regions situated 13' north west and 13' 
south west of the cluster, each having the sarre area as th a t 
in which photometry was c arried out . The average count was 
17 stars with V < 15m and 35 stars with V < 16m. This is in 
reasonable agreement with the above figures , especially in 
view of the fact that the cluster c an be traced out to at 
least 11' from the centre (see Section J.2) and there may be 
some cluster stars included in the two field regions. It 
was also found that only ab out J of the 18 field stars in the 
range 15m < V < 16m fall in the colour region o.4 < B-V < 0 . 6 , 
so the low value of NRRiNR c annot be explained in this way . 
Alternatively, it may be that there are approximately 
60 more RR Lyrae variables to be discovered in the region of 
the cluster that was photometered . This is unlikely since a 
fairly careful search was made for new variables with the a id 
of a blink comparator and five pairs of plates a nd only five 
were found (see Section 3.4). We a re then forced to conclude 
that this cluster represents a viol a tion of the otherwise 
apparently strong correlation between the number of red 
46 ._ 
horizontal branch stars and the number of RR Lyrae vari ables 
in globular clusters. 
Belserene (1956) has also considered the relation between 
the number of variables and the number of red horizontal branch 
starsw She finds the fraction of horizontal branch stars which 
are variables and the fraction which lie on the red side of the 
RR Lyrae gap, and plots one a g a inst the other. Quite a good 
correlation appears , with a slope of approxima tely the value 
found by Rodgers . However , the point for the cluster M4 lies 
well away from the rest in the sense th a t there are too many 
r~d stars compared with variables. NGC 6723 is similar in 
this respect, and it should be noted also tha t 47 Tue would 
behave in the same wayf having only two variables and a strong 
red horizontal branch. 
We have listed in Table 3.4 below, a number of 
characteristics of M3 and of NGC 6712 for comparison of these 
clusters with NGC 6723. The numbers in brackets correspond 
to the references at the end of the table. 
TABLE 3 .4 
Comparison of NGC 6723 with M3, NGC 6712 
Integrated spectral type 
!::,V 
(B-V) 
o,g 
Horizontal branch 
population 
No. of RR Lyrae variables 
Mean period of ab types 
M3 
F7 ( 1) 
2.64 
0.79 (3) 
even 
201 (2) 
0~55 (2) 
NGC 6723 
G3 (1) 
2.22 
0.91 
slightly 
red 
24 ( 4) 
0~53 (4) 
NGC 67 12 
G4 ( 1) 
2.2 (3) 
0.89 (3) 
red ( 3) 
10 (3) 
0~55 (3) 
References to Table 3.4: 
1. Kinman (1959b); 6723 is average of Kinman and Kron & 
May a ll (1960) types . 
2 . Sanda ge & Wa llerstein (1960) 
3 . Sandage & Smith (1966) 
4 . Section 4 of this chapter. 
It is evident that NGC 6723 and NGC 6712 are quite simil a r 
in most respects . The two differ markedly however in the 
structure of the horizontal bran ch . The gap between the red 
end of the horizontal branch and the giant branch in NGC 6723 
is not seen in NGC 6712 . In spite of this, it seems fairly 
certain that both NGC 6723 and NGC 6712 belong to the 
relatively metal rich disk group of globular clusters . 
ct) Reddening . We may obtain some esti~ate of the 
reddening of NGC 6723 from the two-colour diagram for the 
secondary standards contained in Table 3 . 1. In Table 3 . 5 
we have listed the reddening for each star , found by moving 
its representative point along a reddening traj e ctory of 
slope EU- B/EB- V = .72 back to the standard rel a tion (Johnson, 
1966) • 
Star 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE 3 . 5 
Reddening of Secondary Standa rds 
Luminosity 
class 
off curve 
[III 
V 
V 
V 
III 
V 
off curve 
off curve 
III 
V: 
(B-V) 
. 96 
.96 
• 51 
.56 
1 . 36 
. 54 
1 • 05 
. 2 6 
0 EB- V 
. 06 
.06 
. oo 
. oo 
. 12 
. 10 
.oo 
.28 
m- M 
11.23 
6.23 
8 .7 6 
9 . 18 
13.54 
9.88 
14.97 
13.35 
r(pc) 
1620 
162 
5 6 5 
6 8 6 
4740 
795 
9070 
3170 
V B- V 
1 li . 97 1 . ::,8 
C. 15 . 66 l . u::> 
3 l::> . 3U . 99 
4 15 . 24 • t!.. 
5 l::> . 38 . 86 
6 l ::> • U6 . 74 
7 14 . £8 . 58 
8 16 - 37 - . 22 
9 15 . 19 . 89 
l(.; 16 . U8 . 84 
11 15 . 18 96 
12 14 . 65 1 . 13 
13 l:> . 13 . 70 
14 14 . 96 • L., 4 
l 5 15 . lU • ::> 4 
16 l::> . 9u - . 18 
17 l:> . 17 l. u I 
18 6 . 68 . 82 
19 15 . 56 . 5U 
20 15 . 31 . 91 
21 15 . 65 . 87 
22 16 . 54 .74 
2.3 13 . 94 . 96 
24 15 . 56 . 42 
2.5 l::> . Z_j • 4 2. 
26 16 . 41 . 86 
27 16 . 14 . b2 
28 14 . 46 1 . u8 
29 l6 e lU - . u4 
30 16 . 14 . 79 
31 16 - 85 • 1 l 
32 15 . 59 . 86 
33 15 . 95 . 88 
34 l :> . 83 . 78 
35 l::> . 9_j . Bu 
36 l::> . ::,3 . b3 
37 16 . 41 . 87 
38 14 . 8u l . u4 
39 16 . 85 . 68 
40 14 . 38 . so 
TAbLE: 3 . 6 (1) 
bRluHT STMRS NGC 6723 
Rt:GIO I 
V B-V 
41 15 . 39 . 60 
42 14 . 20 1 . 16 
43 15 . 7:> . 93 
44 16 . 3? . 87 
4::> 12 96 1 . 44 
46 15 . 52 . 44 
41 16 . 56 . 84 
48 14 . 52 . 90 
4 '-j 15 . 23 . 93 
50 16 - 59 . 84 
51 16 . 26 - . 18 
52 5 . 92 . 83 
S3 14 . 71 1 . 09 
::> 4 15 . 41 . 01 
55 13 . 5::> 1 . 00 
56 16 . 87 . 75 
".) -, 16 . 76 . 83 
'.:Jd 16 . 63 . 69 
:>9 15 . 42 . 59 
6U 16 . 70 . 88 
61 15 . 55 . u7 
62. 15 . ll 1 . 5_j 
63 14 . 07 1 . 13 
64 16 . 56 . 87 
65 15 . 53 . 42 
66 16 . 38 . 90 
67 16 . 21 . BB 
6e> 15 . 5j • :>9 
69 16 . 88 . 66 
7u 13 . 01 1 . 62 
71 12 . 86 1 . 64 
72 15 . 59 . 50 
73 16 . 38 . 76 
/4 16 . 87 . 69 
7 ".) 14 . 18 1 . 11 
/6 14 . 55 1 . 12. 
77 15 . 07 1 . 02 
Id 16 . 22. . 84 
7'-J 16 . 29 • 8:::> 
8U 15 . 55 . 38 
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V B-V 
81 15 . 60 . 55 
82 16.74 • 5 E, 
83 lG . 74 . 45 
84 14 . 15 . 41 
85 16 . 77 . 63 
86 15.58 1 . 33 
87 16 • 47 - -cc 
88 15 . 68 . 48 
89 16 . 58 . so 
90 16 • 52 - · 08 
91 15 • 67 • 61 
92 16 . 88 . 73 
93 15 . 55 . 46 
94 16 . 79 . so 
9:> 15 . 62 . 57 
96 15 . 56 .01 
97 16 . 79 
- 81 
9B 15 . 87 .92 
99 16.72 .81 
V B-V 
1 lS . 74 - . ul 
2 l:> . U4 l . l I 
3 15 . 14 . 93 
4 15 . 39 . u8 
::> 13 . 81 l e i.-:; 
6 1 ::> . 32 . 96 
7 l? • U:::> . 11 
8 14 . 74 • :>4 
9 12 . 62 1 . :> 6 
10 14 .4 3 • 9 u 
11 13 . 59 1 . 41 
12 13 . 6U 1 . 79 
13 l :::> . 31 . 43 
14 li . 7u 1 . 66 
15 l6 . 2U . 88 
16 15 . 28 • 7 ::> 
17 14 . 94 • 7 2 
18 l :> . 58 . 54 
19 l ::> • 3 7 • ,J 9 
2U 16 . 31 . 89 
21 16 . 46 . 64 
22 15 . 43 . 6u 
23 16 . 14 93 
2.4 l:::> . 65 . 94 
25 15 . 89 . 93 
26 l ::> . 39 . 1u 
27 15 . 44 . 9u 
28 l6 e 3U - . 23 
29 l ::> . 4 3 . 60 
3U 16 . 98 - . 12 
31 15 . 35 . 66 
32 14 . 44 • 9 2 
33 16 . ::>2 . 83 
34 16 . 76 . 74 
35 15 . 98 . 9L 
36 l:> . 74 - . u6 
37 16 . 00 . 87 
38 14 . 74 1 . 06 
39 15 . 33 • ::>8 
4U 13 . 21 . bl 
TAt>Lt 3 • 6 (2) 
DRluHT ~TAR~ GC 6723 
RtuION I I 
V B-V 
41 16 . 54 . u4 
42. 16 . 51 - . 13 
43 14 . 87 1 . 05 
44 14 . 80 1 . 11 
4 '.) 15 . 94 - . 19 
46 16 . 36 
- . 10 
4/ l :::> . /0 . 44 
4t$ 16 . 54 . 96 
4 '-) 16 . 46 . 93 
5U 16 . 42 . 85 
::> l 14 . 95 1 . 03 
52 16 . 61 - . 11 
5 3 1::> . 38 . 59 
::> 4 13 . 46 1 . 26 
55 15 . 11 1 . 0:::> 
:>6 16 . 37 . 90 
'-:;7 15 . :>0 . 72 
:> ti 15 . 63 . 41 
::>9 16 . 79 . so 
60 14 . 06 1 . 20 
61 15 . 42 . 66 
62 16 . 12. . 86 
63 15 . 48 . 66 
64 l ::> . 66 . 48 
6::> 16 . 72 . 77 
b6 16 . 92 . 66 
67 16 . 32 . 84 
bb 15 . 21 . 98 
69 16 . 7'-i . BO 
/u 14 . 50 1 . 11 
71 15 . 29 . 53 
72 16 . 38 . 89 
73 14 . 72 1 . 12 
74 6 . 70 . 68 
7':> 5 . 90 . 88 
16 16 . 70 • ':Jl.. 
77 16 . 27 
- . 19 
7b 16 . 48 
- . 07 
1'-i 15 . 61 . 94 
bu l.:> . 8/ . 97 
49. 
V ti-V 
81 14 . 32 1 . 24 
82 16 . 07 . 14 
83 16 . 26 
- . 13 
84 16 . 04 . 9Q 
8::> 16 . 29 - . 14 
86 16 . 68 . 84 
87 16 . 77 . 85 
88 16 . 8::> . 65 
89 15 . 78 . 87 
90 15 . 41 
- 60 
91 15 . 53 
· 96 
V 8-V 
l l.J . 71._:) . 74 
2 15 . 94 - • c. 7 
3 l? . 2 I._) • 5 7 
4 1:> . 98 . 88 
5 15 . 4j . u9 
6 14 . 71 1 . u6 
7 j . 21 1 . 42 
8 12 . 8L) 1 . su 
9 13 . 65 l e e.? 
10 16 . 46 • 8 ':> 
11 1'::> . 54 . j4 
12 16 . 63 e 6? 
13 16 . 81 . 78 
14 lb . jj e bb 
15 16 . ?b . Yu 
16 16.79 . 71 
7 l:> . 46 . lu 
18 14 . 6u 1 . 17 
19 16 . 65 . 82 
20 16 . 61 . 78 
21 l? . 52 . u6 
2.2 16 . LI._) 
- • c. :::> 
23 l:> . 2:> ., u 7 
24 14 . 2.7 . 44 
L? 14 . 9i. . '::,~ 
2.6 14 . 88 1 . 07 
21 16 . lu . 90 
28 4 . u -, 1 . u.; 
2.9 l:> . 23 • 9::, 
3u 16 . 56 . 9u 
31 1::, . 61 l . u4 
32 16 . 4':> • 9u 
33 l.:::> . f._Ju • '::>6 
34 16 . 84 . 79 
35 :> a ':>6 • '::>4 
j 6 lj e U7 • 1 / 
37 l :::> . 43 • ::> lJ 
38 lb . 69 . b3 
39 6 . 82 • 7 u 
4J 1 o . ::> d . b? 
TAdlt ~ . b (3) 
d~lurlT STA~ NGC 6723 
REGIO I I I 
V B-V 
41 16 . 47 . 74 
42 14 . 70 1 . 1c 
43 14 . 31 . 91 
44 14 . ?:> l . U? 
4.? 12 . 62 1 . 09 
4b 16 . 4 / • 6:> 
47 16 . '.)j 
. 14 
4b 16 . 79 . 77 
49 15 . 86 - . 17 
5u 15 . c.9 . 92 
'.) l 13 . 4 l • Uj 
?2 16 . 30 - . 27 
':) j 16 . c.9 . 78 
'.) 4 l 6 . j_; 
. 80 
:>? 16 . 83 . 77 
56 16 . 6i . 62 
.? 7 14 . 8/ 1 . U '::> 
'.Jb l:> . O4 1 . 02 
59 16 . 57 . 83 
6U 15 . 65 - . 41 
61 15 . 47 . 89 
62 j . 62 
. 93 
b3 l? . c.b . 66 
64 l:> . 6O . so 
t,::, l'.J . 77 • 9c. 
6b 14 . 6b . 62 
b ( 14 . ?3 . 77 
bb lb . 4b . b4 
6 l) 16 . 8/ • 7 ':) 
/u 16 . 70 . 91 
11 l? . 8'-i . 81 
72 16 . 89 . 75 
7 _; 16 • I._) . 91 
74 16 . 3b . 66 
7:J l'.J . 69 
- . 22 
76 16 . 79 . 77 
77 16 . 83 . 77 
7b l'::> . 88 . so 
1 '-i lb . 71 . dB 
bv 14 . O'-i . 6';) 
V d-V 
81 16 . 79 . 77 
82 15 . 96 . 52 
83 14 . 07 1 . 06 
84 13 . 53 . 85 
8? l:> . 97 . 10 
V B-v 
l 14 . jl l . '.:)b 
2 .J.:> . 2.l . 44 
3 14 . Bj . '-J';) 
4 14 . BU • b 0 
5 14 . l)j l . l :> 
6 14 . /9 • tl 1 
7 l ';) . j8 e b::> 
8 12 . 82 1 . ::>4 
9 14 . 64 - . 31 
10 16 . ::>l . 73 
11 16 - 13 - . 4v 
l.2 1 ::> . 46 . 49 
13 l::> . 5U . su 
14 14 . 2.7 l . u6 
15 lj . 9j . 98 
. 6 l::> . 2.b • b 2. 
17 1 ::> . 2.8 . 6L; 
18 l::> . 49 . 49 
19 16 . 49 . 86 
20 16 . 46 . 89 
, 
21 14 . 96 • 9 ::> 
2.2 l:> . 53 . 49 
2.3 l :::> . 33 ::> :> 
2.4 14 • .26 l . u2. 
2.:> l:, . 48 • 4:, 
26 l:> . ::>.2 
- ~1 
27 13 . 76 l . u9 
2.8 l::> e :>b - . 11 
.29 l:> . 38 • 4 / 
3U 16 . 68 . Bl 
31 16 . 39 . 64 
32 l5 . v6 • 9 :> 
33 14 . 94 . 96 
34 16 . 8::> • I l 
35 lb . 39 . 87 
36 14 . :>l . 84 
37 l:> . lt'.'.'. • 1 b 
.:)8 l~ . 89 • :> ::> 
39 1'.:) . 2. l . 7u 
4U l:> e :>6 - • u 2. 
TAoLt 3 • 6 (4) 
dkluHT STAR~ NGC 67L3 
RE:.GION IV 
V B-V 
41 16 . ::>9 . 84 
42. l.:> . 73 . 71 
4j 16 . 4.5 . 7':J 
44 12. . 37 1 . 22 
4 '.) l ::> . 6:::> . Bj 
4b l? . 8d . 91 
4/ 16 . 44 . 74 
48 14 . 97 . 99 
49 l ::> . 59 . 86 
5u 15 . 66 . 93 
:> l 15 . 58 . 89 
'.)2 16 . 64 . 68 
:>3 13 . 85 1 . 09 
::>4 14 . 7'3 1 . 06 
:> :> 14 . 5:, . 89 
'.Jb 15 . ll 1 . 48 
'.) 7 14 . ?7 • /4 
:>d 14 . ::>L . 88 
59 15 . 43 . 10 
6U 14 . 42 . 90 
61 14 . 45 1 . 18 
62 13 . 30 1 . 30 
b3 l:> . 2.b • 92. 
64 16 . 14 • 16 
6.? l::> . 63 - . 1.2 
66 l.:> . 61 . 44 
6/ 13 . 47 • 7 7 
bb 1 :J • 7 3 . 89 
b'-i l :J . 60 • ::>:) 
7u 15 . 63 . 01 
/ l 15 . 98 . 43 
72 16 . 36 . 79 
13 15 . 64 • 4 :> 
74 12 . 7':J 1 . 82. 
7 ":) 14 . 5 7 l . U3 
76 l:> . 84 • 92. 
7 / l':J . 61 . b4 
/ 'd l'.J . 87 . 96 
I ':1 lo . bl • 10 
bU 16 . 2.7 . 61 
V t3-V 
81 16 . :>6 . 87 
82. 14 . 68 1 . 22 
83 16 . 66 . 82 
84 16 . 5:> - . 17 
8:> l::> e :>9 • ::> 8 
52 . 
The results are not very conclusive . Stars 1 and 8 appear to 
have small ultraviolet excessese A change of - .02 in B- V 
and of + . 02 in U-B for star 6 would give EB- V = 0.0 for this 
star . Stars 5 and 9 may be cluster members , in which case the 
former would have o(U- B) = 0~15 and the latter no ultraviolet 
excess . 
Reference to the colour-magnitude diagram in Figure 3 . 4 
shows that the RR Lyrae gap in the horizontal branch extends 
from B- V = 0~10 to B-V = 0~42 . The blue edge is a little 
bluer than is observed in most globular clusters and it is 
unlikely that it should be bluer still . This suggests that 
the redden ing of the cluster must be very small . 
In the absence of any further information on this point , 
we shall neglect reddening i n discussing the colour-magnitude 
diagram of the cluster . 
From the colour- magnitude diagram , if we take the mean 
apparent magnitude of the red side of the horizontal branch 
to correspond to v\r = +0~5 , the distance modulus is then 
(m- M) = 15 . 55 - 0 . 5 = 15~05 . This corresponds to a distance 0 
of 10& 2 kpc from the Sun . 
3 . 2 The Colour- Magnitude Diagram for the Faint Stars 
NGC 6723 is situated near the northern edge of the Corona 
Austrinae dark cloud . The colour-magnitude diagram for the 
bright stars indicates that there can be very little reddening 
of the cluster so that the dark cloud evidently does not 
extend as far north as the cluster . However , in order to be 
completely safe , it was de~i ded to measure faint stars only 
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in a region to the north of the cluster , as far away from 
the apparent edge of the dark cloud a s possible . The 
disposition of this region with respect to the cluster is 
indicated by the two sectors in Figure J . 1 . The background 
star density is quite high north of the cluster , which ma de 
it difficult to find suitable stars for measurement as 
photoelectric standards . Some of the stars finally selected 
are rather far from the cluster , but , given the constraint 
mentioned ab ove , it seemed impossible to avoid this . 
a) Offset phot ometry : Offset photometry was carried 
out with the 50 - inch telescope at Mount Stromlo . A two -
channel photometer of the type described by Johnson (1962 , 
figur e 10 ) was used with two identical sets of filters of 
the fol l owing types: 
V: 2mm Schott GG11 
B : 2~~ Schctt GG1J + 1mm Schott BG12 
U : 2mm S chott UG2 . 
Observations were confined to Band V, ma inly due to a l a ck 
of clear observing ti~e . 
In this instrument , the aperture wheel contains a 
graded series of aperture pairs . The centres of a p a ir of 
apertures are separated by a pproxima tely one a nd a h a lf 
" times their diameter . The dia meters r a nge from 0.5mm (4 . 5) 
to 4mm ( 36 11 ) • It In the present c a se t the 13 . 5 hol e s were us e d 
exclusively . The seeing was rarely good enough to a llow the 
use of smaller holes , a nd, in any case , the tel e scope tra cking 
was not very satisfactory , so tha t considerable guiding wa s 
required to keep a star a ccura tely centred in a smaller hole . 
This r es triction on the minimum useable aperture diameter 
limited the number of st a r s suitable for measure ment as f a int 
secondary standards . The orient at ion of the ape rtures was 
s uch that their centres l ay a long a north- south line and were 
20" apart . 
The recording technique was somewha t different from 
Johnson ' s (19 6 2 , Figure 9) . A schematic diagram of the system 
used in the present work is shown in Figure 3 . 5. The signal 
from each phot omultiplier is amplified by a separate General 
Radio d eco amplifier ( 1230 - A) and fed to a voltage- to-
frequency (v/f) converter . The output from this then goes to 
a scaler which counts cycles for a time determined by a 
timing clock common to the two channels o The integra ted 
count in each channel is finally displ aye d on a digital 
printer a t the end of each integra tion . The output from the 
dec o amplifiers is monitored by a two - chann e l Brown strip 
chart recorder . 
The method employed for centring invisibl e faint stars 
in the a perture is a s follows: 
1) The coordinates (X , Y) of the faint star a r e measur ed on a 
photographic pl a te with respect to a r eferenc e frame whose 
origin is a nearby bright s t a r (the "offset " star) and who se 
axes a re al igned north- s outh and east - west; 
telescope , 
then , at the 
2 ) the offset star is c ent r ed on the crosswires in the viewing 
eyepiece ( and hence in the c ent r e of the ape rture when the 
I 
.I.D.L. 49 -13 
Scaler 
Dy: ec 22.,,.. 
\ //.; C J.. 11 01v2r e 
Hewle1·t - Packard 
526A 
Printer 
Timer 
1' ,a-Cha, ;e, G.R. 1230 -A __ Brown 
d C /' ...... 1:.t ·l"'l .. h 1,t--,Ji I er ecorder 
R. I.D. L. 49-13 
Scaler 
A 
Dymec 2211 
\ft Co .. verter 
G.R. 1230-A 
d.c. Ampl'fer 
J\ 
CA1P21 ~ 
ligur J . 5: Schematic diagram of the recording equipment 
se with t e two -channel offset photometer . 
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viewing mirror is moved away); 
J) the eyepiece is then moved to the point (-X , -Y) as 
measured by the two dial gauges (see Johnson , 1962, Figure 10); 
4) the telescope is moved so tha t the offset star is a gain 
centred on the crosswire . It is clear that the faint star 
will be centred in the aperture at this stage . 
The viewing mirror has a hole in the middle which a llows 
light to pass through to the photomultipliers vi a the filters 
when the mirror is moved aside . If the separation of the 
offset star from the faint star is larger than the radius of 
this hole , the offset star can be used as a guide st a r during 
i ntegrations t o ensure that the star being measured remains 
in the aperture . 
Once the faint star has been centred , the signals are 
integrated , usually for 100 seconds , to giv e a measurement 
of the star through one aperture , and one of the sky through 
the other . The star is then moved to the second aperture , 
and a further integration of 100 seconds carried out . If , 
for example , we had used the V filter , then for n ban nel 1 we 
* should have two readings , y 1· , and Y, , i . e . a star plus sky 
reading and a sky reading , respectively . Similarly , for 
* channel 2 we should h ave y 2 and Y~ · 
( * - * then y 1 - y 1 ) for channel 1 and (y2 
The star r eadings are 
For 
the faintest stars , measurements were made in the order V, B , 
B, V , the total observing time be ing about fifteen minutes . 
For the brighter stars (v ~ 17m) the order was V, B , V. 
The results from each channe l were r educed independently 
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of the other to give a V magnitude and a (B-V) colour. The 
final magnitude and colour were taken to be the means of the 
values from the two channelso This procedure was necessary 
since the channels differed from one another in both 
sensitivity and colour response . Also , fluctuations in the 
background sky brightness with periods of the order of a few 
minutes are effectively averaged out by the combination of 
observational and reduction procedures described above . 
The sequence stars were chosen from a limiting exposure 
yellow plate obtained with the 74 - inch telescope at Mount 
Stromlo (estimated limiting V ~ 2 1~5)& The selected stars 
have no companions brighter than the plate limit within a 
I! 
13o5 diameter circle centred on the star and none within the 
I! 
sky regions of 13 . 5 diameter centred 20" north and south of 
the star . Suitable stars were found with the aid of a 
photographic plate on which three circles , with diameters of 
II 
13 . 5 on the scale of the 74 - inch plate? had been reproduced . 
The centres of the circles lie along a straight line and each 
is separated from the next by 20" . Thus , when the middle 
circle is centred on a likely candidate , and the line of 
centres oriented north-south , the outer two circles indicate 
the sky regions which will be seen by the apertures in the 
50-inch photometer head . Offset stars were chosen near the 
selected faint sequence stars. The coordinates of the latter 
were measured on the plate with respect to axes lying 
approximately north- south and east-west centred on the offset 
star . Three bright stars on the plate were measured to define 
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this reference frame . When the coordinates of these stars 
were measured at the telescope with the aid of the dial g a uge s 
on the offset head , the plate r eference frame could be trans-
formed t~ the telescope reference frame , i. e . offsets in 
right ascension and in declination could be computed for 
the faint program stars with respect to the bright offset 
stars . 
b) Errors: Uncertainties in f aint st a r photometry arise 
from (1) fluctuat ions in the background sky, (2) photon 
statistics , and (J) contributions to the various measured 
signals from field stars below the limit of detection on the 
deepest available photographic pl a tes. The first of these 
should be satisfac t orily taken c a r e of by the method of 
measurement employed here , a s described above . 
The uncertainty , e , due to statistical fluctuations in 
the rate of arrival of photons at the c ath ode of a photo -
multiplier is given by 
where 
and 
1 
e (mag ) = [ ( qn* + 2qns + 2n d) t ] 2 / qn* t 
q = quantum efficiency of the photoc a thode , 
n* = ave rage number of phot ons per second i n cident 
on the c a thode from the st a r , 
n = a verage number of photons per s e cond incident s 
on the c a thode from the background sky , 
nd = a verage effective n unilier of e lectrons per second 
which, if emitted a t the c a thode , would give the 
observed dnrk current , 
t = time spent observing each of star a nd sky . 
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Gascoigne (1966) has adapted Whitford 's (1962) figures to the 
situation that obtains with the 50-inch telescope . 
II 
19m star and a 13o5 aperture we 
-1 qn = 220 sec . For a dark current of 2 x 10- 12A, s 
gain of 106 in the photomultiplier, we find n r ~ 10 d ,.__, 
For a 
and a 
-1 
sec 
Clearly,the uncertainty for a faint star is determined 
• 
essentially by the background sky brightness. For E: = 0~1 , 
we find t ~ 100 seconds 1 ioe . a total observing time of about 
II 3~5 minutes is required at V = 19m with a 13 . 5 aperture on 
the 50-inch telescope for a minimum uncertainty of 10%. With 
the two-channel photometer , we can make two observations of 
100 seconds duration of the star and two of the sky in 3 . 5 
1 minutes , and this reduces the uncertainty by a factor of (2) 2 • 
The third source of uncertainty lies in the appearance 
of faint unwanted field stars in the apertures . 
star is being measured , then a 21~5 star in the sky aperture 
or in the star aperture will cause the first star to be 
measured as 19~1 or 18?9 , respectively. Such a star would be 
just below the limiting magnitude of the avail able 74-inch 
plates , and several of these stars would produce correspond-
ingly larger errors ~ 
The situation is not quite so bad for blue magnitudes . 
The quantum efficiency of 1P21 photomultipliers is higher 
1 here than in the yellow region, and E: ex q - 2 • Also , the 
1 background sky is fainter in the blue , a nd 
€ o: (n. )2 , 
s 
approximately . 
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c) Photoelectric sequence : Of the stars chosen for 
measurement as secondary standards? thos e which were actually 
observed are indicated in Figure J.1 and a re numbered from 1J 
to 2J .. The faintest ones are not visible on the print which 
was made from a JO-minute exposure yellow plate obtained with 
the 40-·inch telescope., These stars are indicated by the tips 
of the a rrows in the figureo In view of the uncertainties 
attendant upon faint star photometry, it is better ot observe 
a large number of stars with moderate a ccura cy than to spend 
much time on a fe1-.r stars o As noted before : however , the time 
available for observing this cluster was rather short and we 
have only been able to m2asu~2 a small number of stars with 
low accuracy - a situation far from ideal~ 
The two local standards, NGC 6723-1 and NGC 6723 - 5, 
were used to determine the zero points for the transformations 
to V and to B- Ve These stars were observed every night 
together with the faint program stars and were comp a red with 
primary U, B , V standards on three nights as described in 
Chapter 2. In Table J . 7 we have listed the photoelectric 
results for the faint standard sequence , together with the 
number of observations of each (columns 2 to 5) w For the 
stars observed more than once, the mean errors comp~ted from 
the night to night agreement range from ± . 10 in both Band 
Vat the bright end to ± . 20 in Band ±.JO in Vat the faint 
end . These stars were used as standards for the photographic 
photometry of the faint stars north of NGC 6723 . The magnitudes 
derived for the standards by interpolation into the photographic 
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TABLE 3 . 7 
Faint Standard Sequence 
Photoelectric Photographic 
Star V B B-V n V B 
13 15 . 17 16. 18 1. 00 1 15 . 17 16 . 26 
14 15 . 70 16 . 43 
.73 1 15 . 68 16.36 
15 16 . 92 17 . 46 .54 2 16 . 97 17 .49 
16 17 . 36 17 . 97 • 61 2 17 . 34 17 . 92 
17 17 . 96 19.60 1. 64 2 17.95 19. 6 1 
18 18 . 23 18.87 .64 1 18 . 20 18.87 
19 18 . 39 19 . 43 1 . 04 2 18 . 89 19.49 
20 18 . 48 19.53 1 . 05 3 18 . 54 19 . 56 
21 19 . 04 20 . 21 1 . 17 1 1 9 . 1 3 20 . 10 
22 18 . 85 19 .. 79 .94 3 18.87 19 . 56 
23 19 . 34 20 . 10 .76 3 19.22 20 . 19 
~ -20 -
t,. V 
- ·20 
+·20-
-·20-
+· 2 
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+ ·20 -
-· 20-
·5 
16 17 
+ ·23 
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-v 1·3 
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(a) 
(b) 
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Fi{';ur 1 . <> : RPsidual!-i in the sense (pe - pg) plo t ted again:--! 
photoPle tric magnitudes and colours ror the fainf 
s (lUenc in ;'\C J()2 . 
1·7 
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calibration curves are listed in columns 6 and 7 of Table 3.7. 
The residuals, 6V and 6B , in the sense (photoelectric - photo-
graphic) , are plotted against photoelectric magnitudes and 
colours i ·n Figure 3 . 6 . 
d) Photographic photometry : The coma free field of the 
74 - inch telescope is approximately 10 ' in dianeter , depending 
to some extent on the seeing - the field is somewhat l a rger 
in poor seeing than in good seeing . The plates measured were 
centred on the bright star just north of standard number 22 
(see Figure 3 . 1) . This was something of a compromise since 
it was obviously necessary to measure as close to the cluster 
as possible to include the maximum number of cluster members , 
but also it is necessary to go some distance from the cluster 
to find st a rs sufficiently uncrowded to be used a s photo-
electric standards . Further , to minimise errors in the 
photographic photometry , it is desirable tha t the standards 
be coextensive with the program stars . 
Photographic photometry was carried out for stars in the 
four regions shown in Figure 3 . 7 . The regions a re bounded 
to the north and south by a rcs of circles concentric with 
the cluster centre , and to the east and west by straight 
lines whose extensions p as s through the cluster centre. 
Successive a rcs have radii of a pproxina tely 4 1 , 6 1 , 8' , 9 ' , 
and 11 1 , respectively . 
Three blue plates and two yellow plates were measured . 
All were obtained with the 74-inch telescope at Mount Stromlo 
(f/5 , II scale= 22 . 6/mm) . Det a ils of these plates a re given in 
e 
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F igure 3.7: F inding chart for the faint stars in NGC 6723 mea sured photographically. The 
standards a re underlined and are numbered as follows: 20 = B39 , 22 = B79, 14 = C32, 
15 = D67, 17 = D20, 19 = D96. Reproduction from plate 4169. 
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Table 3 . 8 below . 
TABLE 3. 8 
Plates r-:eas~d for Faint Co lour- Magn itude Diagram 
Plate Emulsion+filter Exp . Plate E 1 . f·lt Exp. (min) u1u sion.+ 1 er ( . ) min 
V: 4169 103a - D + GG l4 75 B~ 4170 103a-0 + GG13 60 
4194 II 75 4171 II 60 
4195 II 60 
The procedures and equipment used in the measurement of the 
plates were as described in Chapter 2 . Some bright stars 
within the area outlined in Figure 3 . 7 could not be measured 
on these plates as they have faint companions. However , these 
companions do not appear on the shorter exposure 40-inch plates, 
so the bright stars were measured on the plates listed in 
Table 3 . 2 . These stars are numbered A108 to A120, B1 11 to 
B119 , c71 , C72 and D120. 
Colour-magnitude diagrams were drawn for 0ach region 
s~parately . Those of regions A and Bare simil ar, and have 
been combined to give Figure 3.8. In the s ame way, regions 
C and D combined give the colour-magnitude diagram shown i n 
Figure 3 . 9. The magnitudes and colours on which these diagrams 
are based a re listed at the end of this section in Table 3.9 . 
m The plate to plate agreement was about Oe1 for both Band V 
over thew.hole magnitude range considered here . While this 
is quite good for the fainter stars , the brighter stars 
should agree more closely, and that they did not indicates 
tha t they are probably affected by faint c onpe.nions . 
In Figure 3.8 1 the subgiant sequence of the cluster , 
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63. 
leading down to the 'knee', 1s clearly visiblee The large 
scatter above V ~ 17~5 is due mainly to a systematic difference 
between the colour-magnitude diagrams of regions A a nd B for 
stars brighter than this limit. The bright stars in region A 
are systematically redder by about 0~1 tha n those in region B. 
However , the mean colour of the stars at V ~ 17m in Figure 
J . 8 is about 0~8 , which is just what we 
an extrapolation of the giant branch in 
should expect from 
m Figure J.4 to V ~ 17. 
This can be seen in Figure 3 . 10 in the next section . 
going on to this , we return to Figure 3 . 9. 
Before 
In the colour-magnitude diagram for regions C and D 
there appears to be a relatively large number of field stars, 
for the subgiant sequence is difficult to distinguish. 
However , the blue star (D-74) is almost certainly a cluster 
member , which indicates that the cluster extends at least as 
far as region D. This means that it has a diameter of at 
least 22 ' s which is considerably larger than the published 
' diameter of 7 . 5 (Sawyer Hogg , 1963) . 
3~3 The Composite Colour-Magnitude Diagram 
In Figure 3 . 4, the colour-magnitude diagram of the bright 
stars in NGC 6723 , the giant branch below V ~ 16~5 increases 
considerably in width . This effect is undoubtedly due to the 
fact that the standard sequence stops a t about this magnitude, 
and the photographic cali_bration curves become uncertain for 
fainter magnitudes . In order to reduce confusion in the 
composite diagram, we have omitted a ll the stars in Figure 
J.4 with V > 16~5 . 
1 
TAcill:. 3 . 9 ( 1 ) 
FAl T ~TARS NGC 6723 
RtGIO A 
V t;-V V B-V V B-V 
1 l8 e 9U . 6u 41 18 . 90 • ::>O 81 18 . 81 . 55 
2. lb . 3 I • b 8 42. 19 . Ub • ::> 1 8L 19 . 41 . s2 3 17 . 78 . 94 43 18 . 87 . 38 83 16 . 89 . 98 
4 l8 . 4U . 61 44 19 . 36 . 78 84 17 . 11 . 83 
5 lti . 46 • 6::> 4:J 16 . 95 . 86 8 ::> 19 . 21 . 81 
6 19 . 51 • 17 46 17 . 04 . 70 86 17 . 45 . 81 
7 16 . 88 . 9u 4 I 18 . 37 . 74 87 19 . 12 . 64 
8 18 . 37 . 67 4b 18 . 68 . 53 88 18 . 57 . 51 
9 19 . 39 . uu 4 ';) 17 . 73 . 70 89 18 . 93 2 . 27 lu 19 . lS • 9 / '.) u 19 . 46 1 . 59 90 17 . 92. . so 
11 18 . 88 . 61 ?l 18 . bO . 68 91 19 . 39 . 75 l 2. 18 . ::,:, . :,~ '.:)2. 17 . 68 • 74 92 19 . 50 e 86 13 19 . 2.2. e bb '.:)_j 18 . 57 • 'i2 93 19 . 16 . 92 
14 9 . 36 . 98 ::> 4 17 . 13 . 67 94 18 . 48 . 67 15 19 . 39 . 47 ::> ::> 18 . 96 . 56 95 18 . 99 . 45 16 18 . 47 . 63 ::>6 19 . 14 1 . 21 96 18 . 81 . 52 17 17 . 82 1 . 37 5 / 19 . 12 1 . 41 97 18 . 77 1.29 18 18 . 61 1 . 64 58 19 . 18 1 . 41 98 19 . 47 2 . 94 19 18 . 8:, . 4u ?9 19 . 11 . so 99 l8 e :>9 . 55 
2.u 18 . 2.9 . 78 bU 1 9 • 2. l 1 . 21 100 17 . 08 . 92 
21 18 . 78 . 66 bl 19 . 2.0 . 74 101 17 . 43 1 . 01 22 17 . ::>5 • '76 b2. l I . 74 • 7 ::> 102 18 . 96 2. . 42 
2.3 16 . 5::> - . j'-j b3 lY . ul.J l . ::>4 103 17 . 87 . 12 24 l 1. 2 l . 9'3 64 l I . U'-:1 • 94 104 17 . 87 
- 89 25 18 . 59 . 6u 65 18 . 53 • ::>9 105 19 . 32 1 . 02 26 18 . 31 • 5 / 66 18 . 49 . 73 106 19 . 16 e 69 27 19 . 5::> . 79 6 / 18 . 05 . 84 107 18 . 89 . 43 28 lti . 21 . 7u 6d 18 . 77 . 53 108 15 . 25 . 44 29 18 . 66 . 49 69 18 . 37 . 60 109 15 . 61 - . 17 3u 17 . 19 . 66 7u 19 . 2.3 . 52 110 14 . 23 1 . 18 
_j l 1 7 • 2. ::> . 93 /1 19 . ui • 10 111 15 . 44 . 65 32. 1 j • ., ::> • 4 ::> I 2. 18 . 97 1 . 14 112 14 . 65 1 . 27 
.,3 19 . j.:) • :) _j I_, l 7 . I-:; . 80 113 l '.:) . 46 . 51 34 18 . 88 • 4 l.J /4 17 . '.:>8 • 8:) 114 l? e 60 
- 86 35 ld e ::>l . bb IS 19 . U3 • ::,4 11 ::> 16 . 26 • 59 36 lb . 21 • 7 6 76 18 . 0'-:1 . 86 116 15 . 62 . 58 37 18 . 7'7 . 34 I I 1 7 . 7 '.:> • 70 117 15 . 29 . 84 38 18 . 35 • 6 ::> 78 18 . 25 . 70 118 12 . 20 · 46 39 17 . 6u 1 . 42 7'7 18 . 65 . 72 119 14 . 43 .32 4 18 . 43 . 66 8v lS . 54 1. us 120 15 . 93 - . 10 
TAl:)Lt:. 3 . 9 ( 2 ) 
FAI T STARS NGC 6723 
Rt.GI Of lj 
V 8-V V B-V V ::S-V 
, 16 . 41 . 10 41 19 . 14 • 9 I 81 18 . 68 . 92 l. 
t!.. lb . 74 . 99 42 l b • ., ::> 
. 90 82 18 . 94 . 47 
3 19 . 12 • 6 -, 4.5 1-1. ue 
. 70 83 15 . 42 . 76 
4 ld . 63 . 98 44 lb . 80 . 76 84 15 . 67 • ::>9 
5 lb . Su . 62 4.::> 19 . Lti . 94 8? 18 . 76 . 94 
6 17 . 33 1 . u6 46 18 . 42 1 . 43 86 18 . 62 1 . 52 
7 18 . 48 1 . 85 47 19 . 44- . 64 87 18 . 67 . 93 
8 18 . 37 1 . 05 48 17 . 11 • /4 88 18 . 87 2 . 01 
9 8 . 72 l e v3 49 16 . 68 • 90 89 16 . 80 . 10 
lu 19 . v • 9 2 :>v 18 . U9 . 54 90 19 . 18 2 . 62 
11 lb . 94 l . c..8 51 19 . 14 1 . 52 91 18 . 14 . 77 
12 lb . 31 e bb :)~ 8 . 76 1 . 12 ') 2 'd . 73 1.96 
3 18 . c..5 1 .1 u '.)j 17 . 81 . 70 93 18 - 20 . 9c 
l.4 14 . 47 1 . 39 ~4 l 7 . 49 . 82 94 18 . 6b '--2 e .J 
15 ::i . 9':1 . 97 ?::> 16 . 33 . 68 9:, 18 . 41 . b5 
16 1b . 3v e 9v ::>b 17 . 16 l . G3 96 19 . 19 2 . 64 
17 18 . :.;8 . 65 'j 7 19 . 08 . 71 97 16 . 71 1 . 32 
18 18 . 36 . 91 :>b 19 . 11 2 . 44 98 18 . 21 . 99 
19 18 . 8U • 56 .::>9 18 . 52 . 71 99 19 . 25 . 73 
2U 18 . 59 1 . 12 6u 18 . 59 . 58 100 17.93 1.59 
21 19 . ul . 78 bl 18 . 32 . 68 101 19 . 10 
-83 
22 18 . 9U . 68 62 17 . 87 . BB 102 19 . 23 2. so 
23 17 . 76 . 89 6.5 19 . 14 . 48 103 18 . 13 . 75 
24 19 . Zu· . 87 64 17 . 58 . 71 104 16 . 49 . 81 
25 18 . 33 • b:, b? 18 . 6() . 62 10? 19 . 21 1. 1 1+ 
26 11;1 . 31 l . 4t!.. bb l.::> . 81 1 . 01 106 18 . :jj .97 
27 14 . 92.. . 8cl o/ 1 7 . c:.4 1 . 19 10 / 19 . 20 1 . 21 
28 14 . 89 1 . uu 68 15 . 72 . 81 108 17 . 58 1 . 10 
29 17 . 86 1 . 39 6'i 18 . ·2 4 1 . 10 109 18 . 41 . 73 
30 18 . 88 . 82 7u J.. 7 . 9b . 83 110 17 . 68 . 78 
31 lb . 84 . 78 71 l? . 4U . 94 111 14 . 31 . 59 
32 9 . 2 _j . 6u I 2. 16 . u~ . 77 112 13 . 33 1 . 69 
33 19 . 49 1 . uo 73 18 . 9':I • 6:> 113 14 . ':;7 . 47 
34 18 . 14 l • £'.'. :> 74 19 . 21 . 93 114 14 . 69 . 48 
35 ld . 8_j . s1 / :> 17 . 93 l . U:J 11:> l 'j • 94 • 6.::> 
36 19 • .:)6 l . uu 76 18 . 00 . 69 116 13 . 74 . 98 
37 1/ . 40 • ';I u 17 19 . Uj . 7b 117 15 . 08 . 97 
38 18 . 89 1 . 33 7b 18 . l'i 1 . 57 118 13 . 81 .75 
39 8 . 6u . 97 79 18 . 85 . 71 119 15 . 39 . 53 
4 19 . 18 • '.) 4 tiu 
.1. b . 79 2 . 53 
66 . 
TA•Lc _j . 9 ( j ) 
F. If T ~ T; RS f lJ(. 6723 
Rculu, L 
V b-V V s-v 
1 6 . 38 l . ll / 41 l::> . E,(J 
. 83 
2 18 • ':J 5 l . l L b.2_ l"i . 39 l . U3 
3 l? e 4L. • ::>? 43 l 7 . Lb . 68 
4 ~8 - 79 . 67 44 16 . 58 • 8L 
5 16 . 5t:: • b '-j 4:> l 5 • l 7 • 8:) 
6 16 . 91 • 4 / 46 10 . 7'::> . 54 
7 17 . 94 . 96 4 I 19 . Lb 1 . 40 
8 lb . 84 . 4b 4d 18 . /-;; • ':} 1 
9 l '-:J . ~ 7 1 . 16 4~ l 7 • Ub . 84 
lu 17 e ".J7 • I 5 '.) lJ 18 . 3.? . 6] 
11 18 . 89 . 51 j l 16 . / 2 . 72 
12 18 . 49 2 . 32 52 l9 . u2 1 . 08 
13 19 . 18 l e :>? 5j 18 . 28 . 71 
14 18 . Su . 89 ?4 18 . 5':J . 53 
15 16 . 6L . 66 5 '.J 19 . 47 . 87 
16 lcs . 18 • '.) l '.:>b 1 9 • L ':J . 78 
7 17 . 18 . 81 ::>7 17 . 83 1 . 09 
18 15 . 87 . 68 58 18 . uJ . 62 
19 1/ . 54 . 88 ":) ':} 16 . c_j 
. 91 
L.U l '-:J . 2 3 • 6 I 6U 19 . 41 1 . 21 
L l 19 . 13 • I 3 Ll 17 . 09 • 7 ".) 
22 17 . 9~ . 75 62 17 . 57 1 . 35 
23 18 . 8 7 • 4":J 63 18 . 32 l . JO 
1.4 l/ . 69 • I'd 64 ll) . u7 1 . 38 
25 18 . 88 . b4 65 lb . 84 . 78 
26 19 . 15 1 . 10 6b 18 . 6() 1 . 86 
27 18 . 77 • ';) 7 67 18 . U7 . 76 
28 16 . 67 . 46 60 16 . 93 l . ()6 
29 l7 . 3L l . :5 6 6'7 16 . 86 1 . 52 
30 18 . 79 ~ . :>b /u l 8 . j';) l • 9 3 
31 l':J • .Jj l • / 4 71 l _j . 8_j l e L4 
32 5 . 71 • b 8 I c. l'.J . 4:> . 34 
33 18 . uS . 7v 
34 19 . 14 • / 5 
35 18 . 66 . 61 
36 ld . 6:> • :::>4 
37 17 . 78 . ts9 
J8 lt:S . 8 l . IL 
39 8 . 37 1 . 41 
'+U 18 . 59 l . b4 
1 
6 I. 
TADL!::. 3 . 9 ( 4 ) 
FA If T STARS NGC 6723 
l·<t:. GI u u 
V t,-V V 8-V V b-V 
1 18 . 4.:::'. • tj l 41 lb • 6':i 1 . £'.'.7 81 18 . 80 . 88 
2 l9 e UU • :>4 42. 18 . 30 1 . 42 8L l ::i - 86 - 64 
3 lt> - 49 • 6 .:::'. 4_:; 1 I . 17 • 9.:::'. 8 3 18 - 08 • 70 
4 19 . 1::> 
.:::'. • .:::'. .J 44 1 ci • :Jb • 8 '.) 84 16 . 44 . 76 
5 18 . u j . 8u 4::> 16 . 71 • 7":J 85 18 . 87 . so 
6 lo . 43 . 73 4b lb . 7 5 . 73 86 18 . 69 . 67 
7 1.e . 21 l • J\J 4 / 16 . 71 • 72 87 1 7 • '.J9 
- 62 
8 18 . 65 1 . 45 4d lU . 86 • 7 ':J 88 19 . 23 1 . 12 
9 18 . Bu . 88 49 19 . ub 1 . 14 89 17 . 90 . 68 
lu 18 . 1:.> • ( l ::>U 18 . 71 . 65 90 8 - 82 e 86 
11 l8 . 9u . 77 '.:) l 18 . Bb . 44 91 15 - 96 1 . 09 
1..2 18 • j I e 6b ::>2 17 . 8::> . 66 92. l":J - 40 . 97 
13 l'-J . u4 • b:> '.) j 17 . 85 . Bl 93 17 . 94 . 49 
14 19 . u<:t l • 1 / ::>4 19 . Uo 1 . 31 94 18 . 49 . a2 
15 19 - 14 • / 4 ::> :> 18 . 44 . 64 9 ::> 18 - 80 . 67 
16 lb . 34 • 12 :>6 lb . Bl . 61 96 18 . 88 . 59 
17 18 . 12 . 6S ::>7 18 . 04 . 52 97 19 . 33 . 36 
18 17 . 21 
· 66 ::>b 17 . 59 • 5 7 98 18 . 33 1 . 13 
19 18 . u9 . 89 ':.)'-;I 18 . 04 . 91 99 18 . 8 1 • 7 t;; 
2u 17 . 94 1 . 67 6u 18 . 4'-i • 6 7 100 15 . 45 . 41 
21 18 . l I . 78 bl 19 . uU . 65 101 17 . 31 e 66 
2.t!. ll . 2J . '-Jb 6L _ 8 . I 2. l . () ::> 102. 18 . 58 • 7:> 
~3 18 . li • / 6 t;j 17 . 1::> • /r- 9 103 18 . 49 . 75 
24 16 . / o . u::> 64 17 . 90 • 19 104 19 . 17 1 . 01 
L.:J 18 . u8 ~ • v 4 b'.J 19 . u::> 1 . 14 1 u ':.J 18 . 30 . 71 
L.6 1/ . 6-:) l • u J. bb 18 . 81 1 . 01 106 18 . 9L. . 62 
27 8 . u9 l . JI. 6 / 17 . 02 . sz 107 16 - 3:> . so 
28 18 . 99 1 . Ju 6b 18 . 43 . 73 108 19 . 00 1 . 18 
29 8 . 6J . 62 69 18 . 69 . 71 109 15 - 40 1 . 04 
3 CJ 18 - 44 l e j::> 7u 18 . 74 . 54 110 19 . 33 l e 65 
31 b • 8 .:::'. e ub /1 14 . 9b • 'it!. 111 19 • :>3 1.79 
:> I. 16 . 6lJ 1 . 1. Ii. d . '.:)b 1 . 84 llt!. 18 . 2.b • 6L. 
33 16 . 96 • 'i l /j l / . ~4 
. ::>4 ll3 16 . 19 1 . 05 34 9 . u7 l • .5 b -14 l:> . 4d - . 34 114 18 • :>2 • 8:J 
35 lb . 7 ::> . t>u I::> lb . l..2 1 . 00 l 1 ::> 18 . ::>0 . 91 
3c ld . J9 • d / (b 16 . 7 l . J4 116 l8 e 8L e b(J 
1 ~ b . 7 I • I~ I I l':i . c.5 • b '.) l 1 1 lb . BL l . 2- 1 
38 / . 4':I . bl Id 7 . l j 
. 6::> 118 l5 . S9 . 88 
39 18 . 92 1 . 76 / ':I 18 . 87 1 . u~ 119 16 . 96 . 87 
40 19 . uJ . 78 Bu 19 . 34 1 . 94 120 14 . 50 . 41 
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Figure 3 . 10 shows the colour-magnitude diagram for the 
bright stars and for the stars in regions A and B. The 
dashed line is a schematic representation of the M3 colour-
magnitude diagram (Johnson & Sandage, 1956) , with a modulus 
m 
of 15 . 55 . The details of the line representation for NGC 
6723 are highly uncertain in the range 17 ~ V ~ 18, and also 
for V ~ 190 In the c ase of the latter part of the line, the 
uncertainty is due to the small number of standards in this 
magnitude region o In the range 17 ~ V ~ 18, the large spread 
in B- V due to the systematic effects mentioned in the previous 
secion is evident . 
As we have drawn the line in Figure 3.10, the turning 
point in NGC 6723 occurs at (B- V) = 0~49 (if the reddening 
0 
is negligible), while that in M3 occurs at 0~43 . The ultra-
violet excess of M3 is 0~18 (Sandage & Smith, 1966) , which 
results in a blanketing correction of 0~12 in B- V, and a 
(B- V) colour , corrected for blanketing , of 0~55 for the 
turnoff point in M3 . For the turnoff point in NGC 6723 to 
have the same colour corrected for bl anket ing , then a correction 
in B-V of only 01!106 is required , which corresponds to an 
ultraviolet excess of about 0~07 for the faint stars . This 
ultraviolet excess is somewhat smaller than the value for 
47 Tue, the cluster richest in metals, but is in the right 
direction since NGC 6723 is probably richer in metals than is 
M3 . Thus, if we can believe in the details of the NGC 6723 
colour-magnitude diagr am at the turnoff point, then this 
cluster is probably as old as , or slightly older perhaps than 
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Some more work is obviously necessary on this cluster . 
The standard sequences must be augmented , and , in the case 
of the faint sequence, extended as far as possible . An 
outstanding need is also a value for the ultraviolet excess 
of the cluster stars . 
J . 4 The Variable Stars 
In Sawyer ' s ( 1955) second catalogue of variable stars 
in globular clusters , NGC 6723 i s credited with 19 RR Lyrae 
stars , mostb0ingof type ab . Since this clust er has a small 
tV and an integrated spectral type of GJ , a study of its 
variables offered the chance of testing the period- amplitude 
and period-colour relations for any effects of metal abundance . 
The comparison between w Cen and MJ made by Dickens and 
Saunders ( 1965) suggested that there may indeed be an effect 
amongst variables in globular clusters such as was found by 
Preston (1959) for the RR Lyrae variables in the field , viz. 
period- amplitude relation for the weak- lined ab type variables 
in the field is shifted to longer periods relative to that 
for the comparatively strong- lined ab variables . 
a) Observations: It was intended to obtain a series 
of plates in Band V with the 4O - inch telescope a t Siding 
Spring Observatory in two consecutive years . This would allow 
the published periods to be checked and improved if necessary . 
The optimum time of the year for this work is the end of 
June when the cluster can be observed a lmost all night . 
The actual program that could be carried out was somewha t 
d 
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less extensive than planned . Plates were obtained on six 
nights in the period 21 to 29 August 196 5 , inclusive. The 
cluster could be followed from approxima tely two hours east 
at the beginning of the night to approxima tely five hours 
west , by which stage the seeing was beginning to deteriorate 
rapidly. The discussion which follows is b a sed essenti a lly 
on the data obtained fro m this g r oup of about JO plates in 
each colour . A few other plates in each colour t aken at 
random times complete the available observationa l material . 
Five pairs of plates from the August ' 65 group were 
compared on the blink comparator at Mount Stromlo in order 
to confirm the existence of the variables listed by Sawyer 
( 1955) . Five new variables were discovered and have been 
given numbers 20 to 24 . These stars , together with the other 
variables which , except for number 8 , were all confirmed , 
are identified in Figures J . 1 and J . 2 by the number preceded 
by a 'V' • Variable number 8 h a s not been seen by the author , 
it being lost in the crowded central region of the cluster . 
As mentioned at the beginning of the cha pter , one of the 
stars used as a standard for the iris photometry of the 
variables appears itself to be v a riable . This has been given 
the number 25 and will be discussed in d et a il l a ter on . 
I n Table J . 12 at the end of the ~hapt e r we have listed 
the heliocentric Juli a n d a te of mid- exposure for all the 
plates measured , together with the pla te number . Except 
for those plates ma rke d by an a sterisk , a ll h ave been obt a i ned 
with the 40- inch telescope a t Sid ing Spring Observa tory . Of 
rd 
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the remainder , plates 2846 , 2847 , 2848 and 2849 were obtained 
by Professor Gascoigne with the 74- inch telescope stopped down 
to 45 inches . Plates 4 192 and 4193 were obtained by the 
author with the same telescope . Finally , plate 7040 was 
obtained by Mr . M. Bessell with the Uppsala Schmidt telescope 
stationed at Mount Stromlo . Where a number appears in 
columns J and 6 of Table J . 12 , it represents the exposure time in 
minutes . Plates which do not have a number in the relevant 
column all have JO- minute exposures . The yellow plates are 
10Ja- D exposed behind a Schott GG14 filter , and the blue 
plates are 10Ja- 0 exposed behind a Schott GG 1J filter except 
for 7040 which is IIa- 0 + GG1J . 
The plates were measured with the iris photometer in the 
usual way , the bright standard sequence (Table J . 1 and 
Figure J .1 ) being used to deternine the calibration curves . 
Many of the variables have stars close by , with which their 
images overlap on pl a tes taken in poor seeing . When this 
occurred , the variable was not measured . The variables 6 , 8 , 
12 and 14 are all in very crowded regions and were not 
measured at all . The exposures on most of the blue plates 
are probably a little too long so that the background near 
some of the variables is quite dense and v a ries considerably 
with seeing . An effort was made to overcome this problem by 
means of measurements made on nearby stars known not to vary , 
for which B magnitudes had been obtained from two shorter 
exposure plates (S19J, S212) . However , the large scatter in 
the B magnitudes of the variables was not significantly 
1 
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reduced when these magnitudes were corrected for the variable 
background , so, for some variables , only the yellow light 
curves have been obtained~ 
No colour corrections have been applied to the photo-
graphic V magnitudes since in the relevant range of B-V 
(~ - 0~3 to +0~3) the corrections are small and less in the 
case of most variables than the accuracy with which light 
curves could be drawn through the points . This does not 
apply to variable 25 which is very red , but we shall consider 
this later. 
b) The L.ight C·urves . Before light curves could be 
drawn for the newly discovered RR Lyrae stars, periods had 
to be found for them . Since the data were limited, a procedure 
similar to that described by Lafler and Kinman (1965) was 
adopted . This method involves the calculation of a test 
parameter depending on the observed magnitudes for a number 
of trial periods . The period which gives the minimum value 
for the test parameter is then , in princi~l~, nearest to the 
correct period . 
The test parameter is defined by: 
where M = I:m ./N , i 1 
-, ( ) 2 r.,. 1.., m. - m. 1 IOI 1 J_ l+ 
-
---
- ( .. ) 2 ;_. m~ - M i ]_ 
e 
= ( 1 ) 
N = number of observations, m. = individual 
1 
observed magnitudes . The denominator is constant, so only 
the numerator, e , need be calcul a ted for each trial perio d , 
and the object of the procedure is to -oinimise 0. 
The trial periods must be chosen in such a way tha t the 
73 . 
one which is closest to the true period gives a value of 8 
which is essentially the same as tha t given by the true period . 
To find the trial periods , let us consider the following 
situation! 
Suppose we have two observations of a variable star 
separated in time by T days . If the true period of the 
variable is P , then the phase of the second observation with 
respect to the first is given by 
cp 
-
T/ 
- n n = integer. p 
' 
Now suppose we consider another period p t sufficiently close 
to P that n remains unchanged , then the phase of the second 
observation is 
cp ' T = Ip , - n 
Subtracting the second equation from the first , we have 
9 - cp ' 
i . e . 
The maximum value of 6P will be just half the difference 
between two adjacent trial perio d s , P 1 and P 2 , say . The trial 
periods shoul d thus be related a pproxima tely by the equation 
1 1 26 (£) 
p1 - p2 - T (2) 
Given a st a rting value for the trial periods , this equ ation 
allows the next tri a l period t o be c a lculated , and so on . 
The problem now is to find the optimum v a lue o f 6~ . From 
the last equation , g iven a r ange of periods t o be tried , say 
P0 to Pf , the number of trial perio d s will be 
74. 
1 ) / 26p p T • 
f 
(J) 
The smaller is 6~, the closer will one of the trial periods 
be to t~e true period, but the larger will be the numbers of 
periods to be triedo Kinman h a s found 6~ = 0.1 to be a good 
compromise. Evans (1961) in a similar a~alysxs also suggests 
this value for 6~. 
Thus, supposing we have observations over an interval of 
T = 10 days , and we wish to test for periods in the range 
0~4 to 1~0, then the number of trial periods will be 75. For 
the period range 0~2 to 0~4 we should have to try 125 periods. 
It should be noted that Lafler and Kinman (1965) obtain 
a different result from our equation (2) for the relation 
between successive trial periods, and that their equation is 
dimensionally incorrect . Evans (1961) finds a result 
essentially the same as tha t found here. 
A program was written for the IBM 1620 computer at Mount 
Stromlo, which , given a range of periods to try, computes the 
trial periods from equa tion (2), calculates the values of 0 
and 8, prints out the result and plots 8 a gainst period as 
each result is obtained . Following Lafler and Kinman, we 
have then taken the two or three periods which gave minimum 
values for 8 and tried a finer subdivision of trial period s 
around them to find the period which gave the a bsolute minimum 
value of e . For this p a rt of the program the d a ta from 
plates taken outside the August 1 65 run were included with 
the latter in the comput a tions. However, there were generally 
so few of these extra d ata tha t often all the trial periods 
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in the finer subdivision gave the same value of 8 , though 
when the light curves were d rawn these periods were obviously 
not all equally good . Consequently , the second p a rt of the 
program was rarely used . Instead, another program which 
allows the light curve t o be drawn on the IBM 1627 computer-
controlled plotter for any given perio d was used to give the 
light curve which fitted a maximum number of the observations 
as judged by eye . 
The period- finding program takes about so minutes to 
try 75 periods in the range 0~4 ~ p ~ 1~0 for JO observations. 
For the range 0~2 ~ p ~ d o . 4 , the time for the same number 
observations is about 85 minutes . The t otal time to try M 
periods is given by T(min) = 1 . 5 + 2.9 x 10-JW-J1 • 6 where N 
is the number of observations . 
of 
With the aid of the latter program , the data for variables 
1 to 19 were plotted against phase calculated fro~ the 
published period (Sawyer , 1955). In several cases this perio d 
was found to be unsatisfactory , so the period fin d ing program 
was used for these . We shall discuss each star individually 
later on and comment on the period if it h as been changed. 
In Table J . 1J at the end of the chapter, we have listed 
the measured V and B magnitudes, together with the corresponding 
heliocentric Julian dates , for al l the variables for which 
these quantities were obtained . Where a measure is not 
available for a particul a r star on a giv en Juli nn date , the 
value 0 . 00 h a s been entered in the table . The light curves 
are shown in Figures J.12 to J . 15 . The phases h a ve been 
76. 
computed from the arbitrary epoch , E = 2437500 . 0 . The d ata 
are too few and generally not accurate enough to make the 
computation of epochs of maxima for each variable worthwhile . 
For variable 25 , no period has been found , so the observations 
have been plotted against Julian date . Each point in this 
diagram generally represents the average of more than one 
observation within a period of several days and is plotted 
at the mean Julian date of these observations . Apart from 
some small fluctuations which may be due to photographic 
effects the brightness seems to hQVe decreased gradually in 
both Band V during the August 1 65 run. It should be noted 
that photographic V magnitudes have been plotted . Applying 
the colour corrections as in Chapter 2 , we find that the 
m ( colour has remained fairly constant at B-V = 1.9 the 
corresponding corrections to the photographic V magnitudes 
to convert to V magnitudes on the U, B , V system are +0~16 for 
40- inch plates and +0~19 for 74- inch plates) . The last two 
points in each of Band V represont photoelectric observations pg 
of the star made when the bright standard sequence was being 
set up . The V magnitudes have b 3en corrected to .the 40-inch 
photographic system . Different symbols have been used in the 
diagram merely to indicate that different numbers of 
observations are represented by the points. 
c) Characteristics of the Light Curves: In Table J . 10 
we have listed the characteristics of the light curves shown 
in Figures J . 12 to J . 15 . The mean magnitudes , V, B , and the 
mean colours , B- V, have been obtained with the a id of the 
TABLE J . 10 
Characteristics of the RR Lyrae Variables 
- -
- - -- (B- V) Var Period Type V V . AV V B B . AB B B- V B- V (days) max mi n max min C 
1 . 5384 149 c? 15.50 15.87 .37 15. 67 15. 65 16 . 17 . 52 15 . 95 . 28 . 28 . J6 
2 . 50351 a 14.44 15.95 1 • 51 15.31 14 . 18 16 . 19 2 . 01 15 . 39 . 08 . 18 . 37 
J . 49345 a 14.65 15.95 1. JO 15.46 14 . 65 16 . 26 1 • 61 15. 57 . 1 1 • 15 . 24 
4 . 45225 a 14.28 15.70 1. 42 15. 10 
5 . 5726 a 14 . 35 15.44 1. 09 14.94 
7 . J0815 C 15.42 15 .91 . 49 15 . 66 15.45 16 . 08 . 63 15.76 . 10 . 1 1 • 1 7 
9 • 575 1 a 14.43 15.49 1. 06 15.10 14 . 55 15 . 80 1 • 25 15 . 17 . 07 .1 0 . 24 
10 . 252495 C 15 . 45 15 . 86 .41 15 . 65 15 ~37 15. 97 . 60 15 . 66 . 01 . 02 • 1 0 
1 1 . 5342935 a 14 . 91 15 . 94 1 . OJ 1 5 . 5 1 14. 68 16 . 00 1 . 32 15 . 66 . 1 5 . 18 . 28 
13 . 50807 a 14.49 15 .70 1 • 21 15 .1 9 14. 22 15 . so 1 . 58 15. 23 . 04 . 10 . JO 
15 . 4355 162 a 14 .. 56 15.90 1 • J4 15.41 14.50 1 6 . 14 1 . 64 15. 52 , 1 1 • 1 6 . J2 
16 . 4 11 4 ? 14 . 70 15.46 . 76 15 . 14 14.65 15.7 6 1 • 1 1 15. 29 . 1 5 . 1 7 ~26 
17 . 5301595 a 14. 87 15.96 1. 09 15.54 14.84 16.30 1 • 46 15 . 68 01 4 • 18 . 28 
18 . 526380 1 c? 1 5 . 11 15.78 . 67 15 .55 15 . 29 16 . 12 . SJ 15. 79 . 24 . 25 , 27 
1 9 . 5347 108 a 15 . 05 15.94 . 89 15. 61 15 .1 7 16 . 36 1 • 19 15. 85 . 24 . 27 . 39 
20 . 4865 a 13. 80 15 ,40 1 • 60 14. 70 
21 . 594 1 a 14.79 15 . 60 . 81 1 5 . 19 14.40 15 . 75 1 . 35 15 . 22 . OJ . 06 ~24 
22 . 3090 C 15 . 00 15.56 . 56 15. 29 
23 . 63 10 b? 14 . 70 15.24 . 54 15.00 
24 .30061 C 15 . 40 15 . 88 .. 48 15 . 62 15.25 16 . 00 . 75 15. 70 . 08 . 09 • 1 5 
-..J 
-..J 
• 
~ 
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computer .. 21 points in each of Band V, equa lly spaced in 
phase, are read from the light curves and a re fed into the 
computer , which converts the individual magnitudes into 
intensities , integrates numerically over one cycle and 
finds the mean intensities which are then converted back 
into magnitudes, Band V , The values of B-V a re also 
calculated at each point and these a re trea ted similarly to 
give B-V . When the (B-V) light curves are drawn up they are 
found to be rather irregularo This occurs because the scatter 
of points makes the drawing of the Band V curves uncertain 
and these uncertainties are compounded when the d ifference 
curve is drawn. Consequently , we consider the (B-V) values 
to be less reliable than the (B- V) valueso However , we note 
that, in general , the difference between them is small , and 
B-V is always the larger . 
The results are r a ther disappointing on the whole . In 
Figure Jo1 1 we have plotte d the colour- magnitude d iagram for 
l 
the variables .. Those further than 1 . 5 from the cluster centre 
are denoted by stars in the diagrame The vertical lines 
represent the edges of the RR Lyrae gap in the colour- magnitude 
diagram (Figure Jo10)., The variables a ll seem to be much to o 
blue . Neglecting variable 16, which has a comp anion , we find 
m the mean visual magnitude of the starred points to be 15 . 55 , 
which agrees well with the leve l defined by the re d horizontal 
branch starso The blueness of the variables must then be 
due to some effect in the B magni tudes . This suggestion is 
strengthened by a comp a rison with the results of Bailey (1924) . 
-J'v -
V 
5·5-
,6·C 
2-G-
i -5 -
~-"·"·-'YI 
L_" 
' ...)-
·2 ·3 
Figure J . 11 
O·O 
:, I 
¢ 
- - - - r- - - - - - - - -- - - - -
,.; .¢' 
5-V ·2 .4 
0 
0 
·4 Period 'rlay) . 5 
·6 
(a) 
(b) 
(c) 
I 
·7 
(a) colour- magnitude diagram; 
(b),(c) amplitude - period diagrams for 
v ariables in ~GC 6723 
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From measurements of Bailey's comp arison standards , we have 
found the following relation between our B magnitudes and 
Bailey ' s photographic magnitudes, m : pg 
m 
B = m + Oo4J ±. 06 pg 
Using this equation, we can c onvert Bailey ' s maximuQ and 
minimum magnitudes for the variables to the B system . The 
results are given in Table J . 11 together with the differences , 
in the sense (Bailey - Menzies) , between Bailey ' s magnitudes 
and those given in Table J .1 0 ~ 
TABLE J . 11 
Camp ar is on with Bai 1 e y I s Re s ult s 
Bailey Menzies 
No. B B 
min .6B .6B min max max 
1 15 . 53 16 . 23 
- . 12 . 06 2 14 . 88 16.48 
. 70 . 29 
J 1 5 ., 1 J 16.23 . 48 
- . OJ 
7 15 o6J 1 6 . 18 . 18 • 10 
9* 1 5 . 1 J 16.23 
. 58 .4J 
10 15o5J 16 . 0J . 1 6 . 06 1 1 15828 16 . 08 . 60 . 08 1 J* 15 . 23 16 n4J 1 . 01 
. 63 15 14 . 8J 16 . 23 
. JJ 009 16 15 . 18 16 . 08 
. 53 . J2 
I The two stars marked by an asterisk are less than 1 • 5 from the 
cluster centre. 
The minima are seen to agree reasonably well for six of 
the ten stars , but the maxima do not agree at all. The dis -
agreement is in the sense that the present maxima are brighter 
than Bailey's , which is just the sort of effect required to 
cause the present (B-V) colours to come out too blue . 
The last colurn..~ in Table J . 10 contains the values of 
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(B-V) , the mean colour i n the range 0.45 < / < 0 . 65 , where C 
z8ro phase was taken to be at maximum colour . For most of " 
the variables , the (B-V) colour is constant to within ±0~04 
in this range; in some cases the uncertain ties in obtaining 
(B-V) light curves result i n rel a tively l arge fluctuations i n 
B-V in this range of phaseo From a comparison with Preston 's 
(1964) results we see tha t the c olours obtained here are , apart 
from those of variables 1, 2 and 19, substantially bluer than 
those of the field RR Lyrae starso Also, ou r colours do not 
fit in at all well with Sturch 's (1966 ) observations for ab 
type field variablesc 
These results suggest that there are some errors present 
in our colours for the variables " However, the bluest star 
is variable number 10, which is almost certain ly one of the 
least affected by background brightness v a ri ations , being i n 
a region quite free of other stars . The maximum and minimum 
blue magnitudes found here both agree quite well with Bailey ' s 
results, especially in view of the relative ly low a ccuracy 
of his original eye estima te s and i n our transformat ion 
equation . Thus, it may be thct our colours are substantially 
correct, al t h ough it would be r a ther difficult to e xpl a i n 
them . 
Also i n Figure J e11 we have plotted our B amplitudes 
as well .·ts those from Table J .11 a ccording to Bailey against 
period. The continuous line in these diagrams represents the 
MJ relation for the ab type variables ( Roberts & Sandage , 1955). 
In view of the problems n o ted above , it is difficult to draw 
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any conclusions from these two plots , except that if Bailey ' s 
amplitudes a re correct , then NGC 672 3 may represent the 
first example of a shorter period g roup of variables t han 
the Oosterhoff type I g roup typified by M3 . Howe v e r , NGC 
6712 , which is simil a r in many respects to NGC 6723 has 
variables which follow the same amplitude-period relation as 
do those in M3 (S andage et a l, 1966 ) . The mean period of 
13 ab type variables in NGC 6723 is 0~53 (variable 16 and 
also those not measured in the present study have been 
excluded) . 
It is obviously most important that further work be 
done on these variables in order to clear up the uncertainties 
in the colours . Several of the stars, viz ., 18 , 19 , 10 , 1 , 
15, 24 and possibly a few others , a re in comparatively star 
free regions and it should be possible to measure them 
photoelectrically . 
d) Notes on the Variables: (The figur e in which the 
light curves appear is given i n brackets at the end of each 
note . The light curves are arranged in orde r of period . ) 
1 . The published period fits the observations quite well. 
This star h as a very small amplitud e and is probably a 
c type, but the period is comparat ively long . A shorter 
period, P, related to the published period , P , by 
0 
1/P = 1/P + 1 was tried , but the data do not seem t o 0 
fit this period (3.14) . 
2 . The period has been changed s lightly with the help of a 
few widely spaced observations . The blue amplitude , AB ' 
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m 
is nearly 0 . 5 l a rger than that found for any other star 
in the cluster (J . 1J). 
J. The period for this star has a lso been changed ; the 
published period does not fit the data at al l well (J.1J) . 
4 . This star has a companion which overl a p s it on poor 
seeing plates . The re was so much scatter in the blue 
magnitudes tha t the shape of the light curve could not 
be d i scerned o Only the yellow magnitudes h a ve been 
considered hereo The period has been changed slightly 
from the published one . The relatively l a rge scatter 
near minimum in the V light curve ma y be due to the 
presence of the companion star or possibly the curve 
it self is variable in amplitude ( J . 12) o 
5 . This variable is in a very crowded region and even the 
V light curve shows a large scatter . The published 
d 
period is o . 49 , which does n ot fit the ob serva tions at 
a ll . The newly derived period gives a reas onable light 
curve . ( J . 14) • 
6 . The scatter in both Band Vis so large for this star , 
I 
7 . 
which is only Oo7 fro m the cluster c en tre , that no light 
curves could be dra wn , though it i s certainly a vari able . 
The published period did n ot fit the obsGrvations . The 
period-~finding program suggested a shorter period , and 
the observations over a long time base seem to be well 
fitted by the adopted period (3 . 12) . 
8 . This star is lost in the burnt out central region of the 
cluster and h as not been seen at al l by the author. 
SJ. 
9e The background around this star is rather high on the 
blue plates and the scatter of points is fairly large . 
The period has been changed slightly to give the best 
V light curve fitting the observations (J.14). 
10. When the observations for this star were plotted with 
the published period, the light curves were fairly well 
defined but with relatively large scatter . However, 
this variable seems to be one of the ones least affected 
by background fog and companions A The observations were 
fed into the period- finding program which suggested a 
shorter period than the published one . The finally 
adopted period is 0~252495 , the reciprocal of which is 
almost exactly one unit larger than the reciprocal of 
the published period~ This is just the relation found 
between the true period of an RR Lyrae star and the most 
common spurious period arising as a r esult of the enforced 
period of about one day in the observational material . 
The August '65 observations are particularly susceptible 
to such spurious periods since plates were taken each 
night at hour angles ranging from about two hours east 
to about five hours westo However , the few observations 
of this star obtained some 800 days before , and some 
JOO days before and after the August ' 65 run also fit 
the curves drawn with the new period , so this period has 
been adopted here ( J. 12 ). 
11ff The published period fits the observations well (J .1 4). 
12 . This star has a bright companion which overlaps it on 
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most of the available plates , so no light curves h a ve 
been obtained, although its variability h a s been confirmed . 
1J. A fairly bright comp a nion interferes with this star to 
some extent on the blue plates , so the Blight curve 
shows considerable scatter. The period has been changed 
slightly to give the V curve with the le a st scatter (J .1 J). 
14. This star is in a crowded region and has not been measured 
at all . 
15. The published period fits the observations quite well 
(3.12) . 
16. There is a faint companion of this variable which has 
affected both the blue and yellow observations . The 
published period fits the data reasonably well and n o 
17. 
18 . 
1 9. 
20. 
better period could be found (3 . 12) . 
The published period fits well (J.14) . 
The published period fits well (3 .1 3). 
The published period gives a good fit (J.14). 
Newly discovered by the author . This star is situated 
between two bright stars with which it overlaps on nearly 
every plate> and it was difficult to even estimate its 
brightness with any degree of cert a inty on most plates . 
Measurements of the variable could be made only on a 
few yellow pl a tes t a ken in ve:rygood seeing. These 
observations were fortuitously well spa ced so tha t a 
period could be found with the computer program from 
just 15 magnitudes. 
vari ab 1 e ( J . 1 2) • 
The st a r is evidently an a type 
85 . 
21 . The second newly discovered variable . This star has a 
fairly bright companion, but the yellow light curve, at 
least , is well defined and a period could be found from 
the V magnitudes . This is also an a type variable (3 .1 5) . 
22 . A newly discovered variables in a region of fairly high 
background brightnesso Only the V light curve has been 
obtained" This is apparently a short - period , c type 
variable (3 .1 2)c, 
23 . Another new variable in a crowded region . The best period 
was found to be 0~6310 . The V amplit ude is only 0~54 , 
so this is probably ab type variable . The light curve 
shows a fairly rapid increase in about 0 .1 phase , and 
then a gradual decline to minimum light (3 . 15) 11 
24 . The second newly discovered c type variable . The B 
light curve indicates a possibly variable amplitude , 
but there is no evidence of this in the V curve (3.12) . 
25 . This star was initially used as a standard for the iris 
photometry of the variables . However , it was found to 
be about 0~5 brighter in both Band Von the plates , 
2846 , 2847 , 2848 and 2849 , than on any of the plates 
obtained in the August 1 65 run . No particular period 
is suggested by the data . Its colour and magnitude 
indicate that it is probably a cluster member , and may 
be irregularly variable (3 9 15) . 
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Figure J.14 Light curves for variables 17,11,19,1,5,9. 
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cu·rves for variables 21,23,25. 
86 . 
TABLE 3. 12 
Observational Mate rial for Variable Stars 
V B 
J . D . (hel) Plate No . Exp J . D . ( he 1) Plate Noe Exp 
24-r~O'OOO+ (min) 2430000+ (min) __.,, 
7873.1163 2846* 20 7873.1315 2848* 5 7873 . 1266 2847* 5 7873 .1 41 1 2849* 20 86 10.1182 S161 20 8539'10 7040* 45 8611 .1 715 S178 20 8610 ,.1 715 S162 10 8611 .1 819 s179 8 8612,,0745 s193 10 8613.1111 S211 20 8613 .1 250 S212 10 8993 . 8826 s651 8993 . 9072 s652 
899309640 S654 8993 . 9349 s653 
8993 . 9934 s655 8994 . 0180 s656 
8994 . 0962 s658 8994 . 0738 s657 8994 .1 246 s659 8994 .1 468 s660 
8994 .9008 s662 8994 . 8828 s661 
8994 . 9524 s664 8994 . 9289 s663 
8995 . 0043 s666 8994 . 9829 s665 
8995.,0695 s668 8995 . 0491 s667 
8995 . 1025 s669 8995 . 8970 s671 
3995.,8732 s670 8995 . 9423 s673 8995 .9244 s672 8995 . 9991 s675 
8995 . 9770 s674 899600607 s677 8996 . 0358 s676 8996 .111 9 s679 8996 . 0881 s678 8996.1619 s681 
8996 .1 383 s680 8998 . 9486 s688 
8990::9257 s687 8999~0040 s690 
8998c9748 s689 8999 . 0656 s692 
8999 . 0262 s69 1 8999 .1 168 s694 
8999 . 0891 s693 8999 .1 657 s696 25 8999.14 11 s695 8999 . 9367 s699 8999 . 9128 s698 8999 . 9862 S701 25 8999 . 96 19 S700 900000312 S703 25 900000108 s702 9000 . 0894 s705 25 9000 . 0759 s704 9000 . 1403 s707 9000 .11 68 s706 9000 . 8799 s713 9000 . 9097 s7 14 9000.9346 S715 900009574 s716 9000.9865 s717 9001 C 0668 s720 9001. o44o s719 9001 .1 223 S722 9001 . 091 8 s721 9001 . 9455 S728 9001.9245 s727 25 9329o9341 4192* 9329 . 9590 4193* 20 
87. 
TAt.)LI:. .5 e l3 (1) 
VARIAbLI:. STARS I ul 6723 
VAR . I U • l 2.. .5 4 5 7 
J . D. (HEL) V V V V V V 
243OO0U + 
7873 . 1163 15 . 6(:j 14 . 63 15 - 29 15 . 37 o. uo 15 . 77 
8610 - 1182 15 . 74 l'.J . 78 15 . 96 lS . 31 15.41 15 . 51 
8611 - 1715 5 . 5':t l:> e ':t:> 15 . 9t::: 15 . 74 15 . 32 15 . 86 
8611 . 1819 l:.> . 64 16 . ul 15 . bu 15 . 85 15 . 50 15 . 92 
8613 . 1111 l:, . ':Jl v . vu l:> . 91 u . uu 15 . 48 15 . 63 
8993 . 882b 1 5 • :::> / u . u (J l:?. / 4 14 . 41 15.36 15 . 71:; 
8993 . 9640 l'.J . 5/ u . uo l'.:) . 94 1::i . UU 14 . 55 15 . 90 
8993 . 9934 l:> . 7b v . uu 15 . 8U l:? . 16 14 . ::>9 15 . 81 
8994 . U96~ :) • 7'-J u . uo l:J e ':ti l'.J . 54 14 . 82 15 . 44 
8994 . li4b l:> . db v • U (J 14 . 9ts 1~ . 47 14 . 93 15 . :::,/ 
8994 . 9uu8 15 . 53 l::> e 7::> 15 - 84 l:j . 19 15 . 23 15 . 77 
8994 . 9524 u . uu 14 • L1-4 l::i . 9U l S . 39 15 . 33 15 . 51 
8995 . Ou43 15 . 73 14. 75 15 . 8-i u. uu 15 . 36 15 . 39 
8995 . 0695 15 . 7:? 15 . 27 16 . 01 1s . 73 15 . 54 15 . 73 
8995 . 1025 15 . Bi l::> . ~5 15 . 43 15 . 63 lL+ . 67 15 . 80 
899:, . 873~ 1S . 6d lj . t5£'. l'.J . 71 l'.J . 39 14.80 15 . 55 
8995 . 9t:..44 l'.J . '.Jj l::, . 41 l:> . bi.J l.:J . 64 15 . U::> 15 . 46 
899:J . 9/7() G. uu 14 . 39 15 . 95 l '.J . :.>4 15 . UO 15 . 58 
8996 . U3:::,8 15 . 50 14 . 7 7 l ::> • 9 '.J l :> . 58 15 . 20 15 . 76 
o996 . U881 l'.J . 6b l '.J • 1 7 l? . 4 / l'.J . '.J/ 15 . L'.4 15 . 87 
8996 . 1383 15 . 6':J u . uo 14 . bl 14 . 3:> 15 . 36 15 . 74 
8998 . 92'?7 15 . oU 1 ::> . 96 l:? . b6 14 . 86 15 . 3S 15 - 68 
8998 . <;t14o 15 . 8J 14 . 4<:t 15 . 96 l::, . 22 15 . j3 15 . 46 
8999 . U262 15 . 83 14 . 75 15 . <,16 15 . 4j 15 . 30 is . so 
8999 . 0891 15 . 78 15 . 15 l4 e 7U 15 . 55 15 . 33 15 . 75 
8999 . 1411 15 . 5-:1 l 5 . 3 8 l::> e v0 15 . 66 14 . 8'.:) 15 . 86 
8999 . 9128 15 . 6:J l? e 87 l::> • Bv 15 . 34 14 • :::JU l 5 • '1 3 
8999 . 9619 15 . 74 l '.:) . 19 1:> e b6 lj . '.JU 15 . l 1 is.so 
9UQO . ulU8 15 . 78 14 . b6 16 . 04 15 . 6l 15 . 34 15 . 72 
~000 . 0759 15 . 9u l~ . ul 14 . 77 15 . 7u 15 . 43 15 . 93 
9vou - l 16b 1::, . 70 1:, . ld 1.4 - Slb .l'.:::- e 7tS 15 . 41. l5 e d9 
9UQU . 9v9! l'.:) . 6:1 l :.> . ~4 l:J•':tJ. 15 . 56 4 . 4L 15 . 63 
9OQU . 9574 15 . 6/ 1::> . 52 15 . 88 15 . 44 14 . 40 15 . 80 
9UQ1 . u668 15 . 75 14 . 90 14 . 73 14 . 89 14 . 77 15 . 74 
9001 . 1223 15 . 96 l::> e l4 15 - 13 u. vv 15 . 14 15 . 51 
9UQl . 9455 15 . Sv 15 . 87 15 . 81 15 . 57 15 . 43 15 . 89 
9329 . 9341 15 . 84 l~ . 4i l:J . 8d 14 . 5b 15 . ? 7 o. oo 
VAR . N • 9 
J . D. (Hc:.L) V 
243000(., + 
7 8 7 3 . 163 u . uu 
861U e ll8.2 l:> e Uj 
8611 - 1/1:.> 1s . u1 
86 1. 18 9 14 . 9.'J 
8613 . 1111 15 . 21.j 
8993 . 8826 15 . 36 
8993 . 964() 15 . 35 
8993 . 9934 15 . 49 
899L1- .()962 14 . '.Jb 
89911- . 1246 14 . 6b 
8994 . 9UuB 15 . 1., 
8994 . 9524 1:> . j:J 
8995 e UULt3 1 ::> . Lb 
899S . u69~ l:J e '.:>3 
8995 . lUZS l':J . 4/ 
8995 . 8732 14 . 4<:i 
8995 . 9244 1 Li- • 7 
8995 . 9770 14 . 99 
8996 e u358 15 . 15 
8996 e u881 15.l'.'.£'.'. 
8996 . 1583 1 :> • _, 1 
8998 • 9£'.'. :> 7 14 . 8'.:1 
8 9 9 8 . 9 7 4,'-J l '.:> • L :> 
8999 . ui62 l:> . £'.'.d 
8999 . (.,891 l'j . Ju 
8 9 9 9 • 1 '+ 11 l:) . 4l.J 
8999.91Ze 14 . Sti 
8999 . 9619 CJ • 
9(.,Q0 . 0108 14 . 9'-J 
90QO . U759 15 . :;., 
9uou . ll68 l~ . t:.(j 
9UCv e 9U97 lS . 4:> 
9L;OJ . ':J?74 1 5 • _j 1 
9uol . u668 14 . :>b 
9J01 - l~23 4 • 9 :> 
9uOl . '-J4:.>:> 1 '.:- • 1 I 
9329 . 9341 15 . u/ 
TAblt. 3 . 13 (2.) 
VAR!Abl~ STARS NGl 6723 
lu 11 13 
v V V 
l:; . 8.2 l::> e 49 1:) . ~'.:) 
l S • d6 l::> e b6 l? e _j5 
l? . 74 l:J e 7'-i l '."J . 43 
1 S . / ; 15 . 9u 1 ':) • 5 1 
15 . 30 15 . 40 14 . 98 
15 . 75 15 . 7U u • Ou 
15 . 68 l:, . uu u.uu 
15 . 48 u . uu U • Uu 
l:> . 70 l:J e 5U o . uu 
l :> . 7 8 15 . :Sb o. oo 
l'.:> . 85 1 ::> • b9 l:; . 64 
l'.:> . b4 l'.:> . 71 14 . 7 5 
l'."J . 4:> 14 - 89 14 . 60 
1 '.J • '.J 1 l:> • L4 l '.:> . 2 7 
1S . bb 1:>e3U l::> . 13 
15 . 70 15 . 79 15 . 57 
15 . 86 15.86 15.74 
15 . 77 15.91 14 . 46 
15 . 4:> 15.35 14.81 
l::i . '.:)9 1s . u2 15 . lu 
u. uo 15 . il l '."J . L4 
l:> . ts:;, l:> e :>':i l:) e 69 
l :> . '::10 l'.:> . lt:. l:> . :>4 
l:> . :>8 l:> a du 14 .:> 6 
l:>.49 lS . ol'.'. ~4 81 
l'.:> e bb l::> e ti:> l:> . 14 
15 . 72 15 . 43 15 . ::u 
lS . 84 15.52 15 .7 8 
l ::.i . 7 2 15 . 64 14 . t3 
l? . 52 lS. /4 4 . 7 S 
1:> . :>3 l:J . lei o . ou 
lS . 64 l :> • G b l::> . 59 
S . b 1 i:> e L/ 1:, . 73 
l '.J . 41 l:> • bL 14 . 49 
l:> e :.>4 l:>• /U l? e l)l, 
l?. I 3 .:> e lj l::> . 48 
u . uo l :, • ':/ '.) 15 . 53 
88 . 
15 16 
V V 
15 . S 5 15 - 60 
15 . 79 l5 e L'.j 
l5 . :5t:. 15 • :>8 
15 . 40 15 . 58 
15 . 90 15 . 41 
lt+ • . S2 15 . 24 
15 . 46 15 . 35 
15 . 57 15 . 34 
15 . 81 15 . 47 
15 . 83 15 . 49 
15 . 68 14 . 97 
15 . 64 14 . 65 
15 . 86 14 . 75 
15 . ':i.? 14 . 98 
15 . 6 14 . 89 
15 . 8'.::> 15.05 
15 . 90 1s.20 
lS . 85 15 .17 
14 . 66 1: . 30 
15 . 12 o. uo 
15.43 15.4::> 
15 . 82 15.40 
15 . 89 15 . 49 
l~ . 8? 15.46 
l Li • 7 3 lt.i . 76 
15 . l? 14.71 
15 . 32 14 . 79 
14 . 71 14-98 
l5 . 12 15 . 05 
15 . 50 15 . 21 
15 . 63 15 .t:. 6 
15.3/ 15 . £'.'.2 
15 . :>t: 15.31 
15 . 77 15 - 38 
15 . d6 5.44 
15 . 12 14 . 71 
15 . 94 14 . 9::> 
l 
V h ,.) l A b L c:. .'.) T n k .'.) N l.J l. 6 / 2. 3 
VAR . f o . 17 18 l':7 cU 21 2~ 
J . [) . (Hc:.L) V V V ./ V V 
24300CJU + 
7873 - 1163 15 . 44 l :; • 8 2 U• Uv J . uu 15 . 6::> 15 . 53 
8610 . 11e2 15 . 71:J 15 . 76 (; • uu V• vv 14 . 99 15 . 22 
8611 . 171::, 15 . 63 l::, . 79 u. uu 14 . 97 C. uc; ls 54 
8611 - 1819 l::> . /1 l? e 8~ u . uu 15 . 33 o. uo 15 - 62 
8993 . 8826 l:, . 4/ l 1:J . 73 l? . 94 :.; . uu 15 . uO 15 . 05 
8993 . 964u 1s . /_j 11;; . e1 l? • '.JU u. uu l5.2<j 15 . 39 
8993 . 9934 lS . l':J l? . d':> l'.J . lj o . ou l 5 . 2.9 15 . 44 
8994 . 0962. l:i . 8U :> . l 0 l:i . 38 u. uu l ::> • :> l l5 . 3L1-
994 . 12.46 l'.? . (b lS . lb o . ou o . oo 15 . 39 15 . 16 
8994 . Yuoe l:i . _j3 l:J . /tl. l'.J e 8'.J c . oo 15 . ul 15 . 41 
8994 . 9::>24 1 :> • :J '-j l:J • 79 l::> • 'id u . uu 14 . /':> l :> S2 
8995 . uU43 15 . 6:> lS . 81 15 • 91 14 - 91 14 . 84 1 5 • I~ l 8995 . u69:.i 15 . 83 lS . 81 u . uu u . uu 15 . 20 15 . 30 
8995 . 1025 lS . 8:. 15 . ::>6 c . uu o . uu 15 . 07 15 . 07 
8995 - 8732 14 . 83 lS . 60 l:, e 7L1- 14 - 80 l~ . 37 15.44 8995 . 9244 15 . l/ 15 . 73 u. uu u. ou is . so 15.55 
8995 . 977u 1::, . 3:> l.1:J . 14 l:; . 86 L . Uu 15 . 50 15.ll 
8996 e v358 15 . '.:>4 l:> . 84 l:> . 'i'.J u . ou 15 . 63 15.03 
8996 . uoBl l:.> . I'-+ lS . 84 l'? . 7-1 0 • Uli 15 . 1..13 15 . 14 
8996 . lj83 l :> • / 4 l~ . bb 
.J.. '.:> • u 1 o . ou 14 . 7j i 5 . L~ I 
8998 . 92S, l'.'J . 84 l:> e 38 l:> • 47 lS . 28 15 . 54 15.tT6 
8998 . 9 f 48 16 . uv 1 ? • j 3 l:> • 66 1:) .2.:; 15 . 62 15 . ~4 
8999 . J262 lS . 2~ l'.J . 67 1s . eu l:i . 35 15 . 3::, l 5 • 1+9 8999 . 0891 15 . u'-i l::> . tu l~ . 83 3 . 75 lL+ . 72 15 . 06 
8999 . 1411 15 . 34 15 . 71 15 - 87 u . ou 14 . 90 1c; . 10 
8999 . 9128 15 . 7 '.'J l:, . 25 l::i - 14 15 . 18 15 . 19 1:: - 38 8999 . 9619 15 . 8t!. l::;i . j'} l:.> - 38 :; • L+::, 15 . 43 15 . 4,2 
9LJQCJ . ulU8 l ::> . '.)i;;, l:> . 47 G • uu 14 . 91 15 • L, 8 1s.oe 9uou . u759 1 :;1 . 7 l:i . 6L'. lS . 74 o.oo 15 . 54 15.17 
':IUQU . 1168 .J..4 . 9 l::> . ltl. l:> . 7b 0.00 l 5 . :>? 15.31 
9UQJ . <::tv91 l::> . 'do l? e :J7 l ~ • / 4 l::> . 4L 14 . 91 15 • ..,3 90ou . <-J:>74 1 '.J • d '.:.I 1 ::.:> • t!.6 .l '.) • .£. u 1 :> • .:H_; 14. '-.Id J. 5 • 0 l 9UQ1 . 0obd l? . ':11 1:.> . 4c ~:::> • 4b 14 e vL 15 . 11 15 . L'.7 
90Ql . 1223 15 . b':i l: . b'.J l:> - 6::> 0 . 00 15 . 46 l 5 • ::>9 9vQ1 . 94'.:>5 15 . 7L l :) • 6 l l~-81 lS . 43 15 . ~2 15 . ll 9329 . <;._j41 15 . ~ 1 15 . 36 Ue uv u . u 15 . 38 15 . 69 
TAbLE 3 l_j (4) 
VAR . /'lv . 23 t'.4 i-;; 
J . D . {HI:. ) V V V 
24300(n.J + 
7873 . 163 0 • vv 15 . 74 lL•U:J 
7873 . 1315 0 . (Ju Ue vv 12 . 1u 
8610 - 1182 o. uv 15 . 43 ::..2 . 'j:> 
8611 . 1715 U e vv l:> . b3 12. . ::>::> 
3611 . 1819 () . uu l:J . 94 12 . 6lJ 
8613 . 1111 u . uv l'.J . 42 l.2 . 4b 
8993 . 8826 u. uu 15 . 72 u. cG 
8993 . 9G40 15 . 14 l S . 43 U• lJL 
cl 9 9 3 e '-) 9 j {_T 1 :> • L. l:> . 4b U•UU 
8994 . 0962 14 . 8 S l'.:> . /2 u - uu 
8994 . 1246 14 . 8'7 l '.J . 96 12 . 42 
8994 . 9008 14 . 97 15 . 35 o.oo 
8994 . 9524 15 . lv 15 . 49 u.uu 
8995 . U043 1 :> . U'::I 15./'j 12 . 60 
8995 . v695 o . uv 15 . 95 o . uu 
8995 . lu25 15 . 2.u l S • 8 2 U e JU 
8995 . 873.2 14 . 9<-.t l:::> . b3 li . 6U 
899::> • ':fL44 14 . 8.5 l? . 78 o . uu 
899':> . '-:17/0 14 . 6d l? e d6 Ue uU 
8996 . U35b 14.b/ l'.J . 4:> l t!.. . b I 
8996 . ub81 14 . b 7 ls • .5 b 1.:: . 5b 
8996 . 1383 0 . vv 15 . 47 u. u l, 
8998 . 9257 15 . U8 1 :, • 8 l 12 - 66 
8998 • '::1748 1 5 • c:'. '.J 15 . 1:H:s 12.7J 
8999 . U2.6i 14 . 9 / l'.J . 6t!.. 
.J.. L • /u 
8999 . l.,891 14 . 7L l'.J.4j u . uu 
8999 . 1411 14 . 9b 15 . 4(.) o. ou 
8999 . 91.t!..3 14 . 9:J l'.J . b::> l c:'. • 7 L 
8999 . 9619 15 . vj l:> . :::>O li.69 
9GOu . u1U8 1 S . L~ 1? . 4U U • UV 
9uou . u759 v • l.Jl., 15 . 68 v • vC 
9000 - 1168 15 . 1 u l'.J . /4 U• vlJ 
9(.;Q() . 9'..;97 C . Uv' 15 . 55 u . u l, 
900U . 957L; 14 . 74 '.) . '.J9 l L. . 6 8 
900l • U668 14 . 81 15 . oj U • UV 
9001 . 1223 15 . lv l::; . 76 U• LJU 
r:1U01 • 9455 15 . u.=. '.J . bd l L • 7 ::> 
932S . 9J~l U • l;U l::> . /7 12. o 7 
91. 
TAoLt. .; . lj (5} 
VAR . I O . 1 2 _; 7 9 10 
J . D . (HtL) b tJ b b B D 
2430000 + 
7873 . 1411 15 . 96 14 . b/ 15 . Jd 1:, . 88 l5 . i4 15 . 88 
8610 . 1715 16 . 24 16 . 37 16 • .29 15 . 77 15 . 34 15.86 
8612 . 0745 o . uu 16 . 14 16 . 09 15 . 96 15 . 80 15.63 
8613 - 1250 15 . 8'::1 16 . ul l6 e 4U 15 . 59 15 . 53 15 - 85 
8993 . 9u72.. 1::, . 84 15 . 61 16 . Ub 16 . 02 15 . 69 15 . 97 
8993 . 9349 15 . 8b u . uu 16 . 11 16 . U.2 15 . 61 15 . 9.2 
8994 . Ul8u 16 . 13 14 . 6b 16 . 0b l::> . 64 15.b.::: 15 . 40 
8994 . u738 16 . l/ l~ . 2..9 16 . L8 15 . 49 14 . 91 15 . 60 
8994 . 1468 16 . l::, u . uo u . uu l::, . 73 14 . 71 15 . 91 
8994 . 8828 15 . 6? lb e U8 16 • U.::: l '.? • 98 14 . 99 15•88 
8994 . 9289 15 . -Jl 14 . bl l6 • Ll l'.J • 62 15 . 09 15 . 99 
8994 . 9829 15 . 84 14 . 43 16 . 13 15 . 53 l5.S3 15 . 58 
8995 . 0491 16 . 12 15 . 13 16 . L4 15 . 57 15 . 69 15.43 
8995 - 8970 15 . 87 16 - 15 16 · 15 15 . 50 14 . 59 15 . 97 
8995 . 9423 15 . 7'c.. 14 . 32 16 - 17 15 . 51 14.84 15.99 
8995 . 9991 15 . 76 14 . 61 16 . lu 15 . 75 15.07 15.53 
8996 . 0607 15 . 82 u . uo 16 . 2..7 15 . 81 o.uo 15.40 
8996 . 1119 16 • (J_j l '.? • 49 14 - 61 16 . lu 15 . Sl 15-68 
8996 . 1619 16 . 0/ 15 . 90 14 . 91 15 . 77 u . uo 16.0U 
8998 . 9486 l 6 • ..'.):;) 15 . 53 16 . c::l 15 . 65 15 . 30 16 . 00 
8999 . Uu4u l 6 . 2::J 14 . 44 16 . 2..'.J l:J . 49 15 . 49 15.79 
8999 - 0656 16 . 2..U 14 . tsb l ::> • L j 1, . 71 15 . 40 15 . 41 
8999 . 1168 15 . 9b 15 . 47 14 . 86 16 . 02 15 . 51 15.66 
8999 . 16?7 15 . 7t. 15 . 82 15 . 3u 16 . 07 15 . 88 15.82 
8999 . 936/ 16 . 05 16 . uj 16 . 12 lj . 43 o . oo 1 ':> • 8 7 
8999 . 9862 16 . 23 14 . 47 16 . 37 15 . Su 15 . l:> 15.89 
90Q0 . 0312 16 . lo 14 . 65 16 - 06 15 . 98 15.22 15 - 63 
90Qu . U894 16 . ll 15 . U7 14 . 69 16 . 08 15.27 15.4,2 
90QU . 14U3 l6 . U4 15 . 4 / 15 . 2.::> 15 . 86 15 . ::,6 15.62 
9uou . 8799 15 . 8j 16 • U£'.'. lb . 23 l::, . S7 u. uo 15.:>7 
9UQU . 9346 l6 a U1 lb a U9 16 - 14 1 ~ • b.2 l5 . L7 15.77 
9000 - 986:) 16 . 11 14 - .::'.d l6 e 2u 16 . Ql u . uo 15.94 
9UQ1 . U44U l6 . 2u 14 . ::,4 l5 • lJU 16 - 09 u . uo 15 •61 
9UQl eU918 16 . 1/ 14 . ~6 14 . 93 l::, . 54 14 . 63 15.35 
90Ql . 924~ 15 . 9,2 16 . 32 16 . 4u 16 . 17 15 . 33 15.82 
9329 . 9:>90 16 . u5 15 . 69 16.ll) o. uu o . oo 15.75 
d 
-JL . 
VA f~ I I-\ b L t. S TI-\ RS l\i G L 6 7 t!. 3 
V , R • I JU . 11 13 :> 16 17 18 
J . l) . (hll) b b b b B o 
24300UU + 
/873 - 1411 o . uu 1::, . 29 1? • 71 u . uu 15 . 6~ 16 - 02 
861c . 1 /15 u . uu 1S . H3 u. uu 1:, . ::,9 16 . 32 16 - 19 
8612 - 074:> l'.') . 8L, u . uu l:.> . 6'.J 1 :'.I • (JU 15 . 20 15 . 81 
8613 . 125U 15 . :>6 u . uu 16 - 12 15 . 69 15 . 12 15 - 86 
8993 . 9u72 u . uu l::> • bl 15 - 0b 15 . 65 15 . 69 lfJ e lL 
8993 . 9~1+'-J 14 . ol l4 e :J6 15 . 37 1 ::> • 62 15 . 78 16 . 00 
8994 . UlSO 0 . uu 14 . 61 l::, . 86 1 ::i . 31 16 . 0S 16.01 
89]4 . u7'38 15 . :> f J::i . 18 16 . 11 l:, . 85 16 . 1'3 o - oo 
8994 . 146!:J u . uu Ue vU 1 S . 9 ·1 15 . 7 7 16 • . L:: 15 . 47 
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CHAPTER 4 
NGC 104 
h m The globular cluster 47 Tue ( a 1950 = 00 21 . 9 , 
o 
5 
= - 72°21 1 ) is of considerab le i n terest since the spectra 1s o 
of its giants exhibit Ti0 bands (Feast & Thackeray , 1960) , 
and they are unique amongst globular cluster giants in this 
respect . This feature suggests that the gian ts in 47 Tue are 
closer in metal abundance to the stars in old galactic clusters 
than are any other cluster giants . Kinman (1959b) has found 
the integrated spectru~ of the cluster to be relatively 
strong- lined and a lmost normal compared with Population I 
spectra , again suggesting a relatively high metal abundance . 
The colour-magnitude diagram (Wildey , 1961; Tifft , 196Jb) 
exhibits the small 6V coQbined with a red horizontal branch 
which is characteristic of the disc type globular clusters 
(Sandage & Wallerstein , 1960)~ It is interesting to note , 
however , that 47 Tue is situated at gal a ctic latitude 
bII = - 45° , far away from the nuclear region occupied by 
the other globular clusters with relatively high metal content. 
Eggen (1961b) has found some bright stars in the cluster to 
m have a mean ultraviolet excess of about 0 . 18 . This is smaller 
than the value found for the extremely weak- lined stars in 
M92 for example , but is still somewhat larger than the strong-
lined spectra of the giants in 47 Tue would lead us to expect . 
Since Eggen observed only a small number of stars , it was 
dscided to measure ultraviolet colours for a l arger sample 
l 
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of cluster members to check on his result and to obtain an 
accurate value for o (U-B). 
4 .1 Observations 
To ensure that a maximum number of cluster members was 
included in the ob serving program, stars h a ve been selected 
from Tifft 1 s list ( 1963b) on the basis of their position in 
the colour-magnitude diagram. Tifft ' s ' maj or zone ' lies 
farthest from the cluster centre of all the regions he 
photometered and crowding problems should be a minimum there. 
Consequently , most of the stars chosen to be measured photo -
electrically lie in this zone . A few stars not measured by 
Tifft were added to the program& 
The two channel photometer described in Chapter J was 
used on the 50-inch telescope at Mount Stromlo for the 
observations,. As noted in that chapter , the construction of 
the aperture wheel is such that for an aperture of 1J1", the 
sky regions measured lie 20 11 north and south of the star 
being observed. Again , the use of a 1J J 11 aperture was 
forced by the generally poor seeing conditions enc ount ered 
at Mount Stromlo& The program stars were selected from a 
60 minute yellow plate taken with the 40-inch reflector at 
Siding Spring Observatory by Professor B.J. Bok. Only stars 
free from companions brighter than the plate limit within a 
circle of diameter 1 J 1 '' centred on the star and within a t 
least one of the corresponding sky regions were accepted . A 
finding chart for all the stars observed is given in Figure 
4. 1 • Those in Tifft 1 s ' major zone ' are numbered in the order 
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F i gure 4,1 Finding chart for star s measured in 47 Tuc, Reproduction from a 60 minute yellow plate taken with t~e 40-inch telescope, 
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in which they appear in his Table I (Tifft , 1963b) . 
An observa tion of a star consisted of two measur ements 
in each colour , one for each c hanne l , of star and star+ sky , 
with an integrat ion time of 50 seconds . 
for each channel was then taken . 
The mean of the results 
Transformation from the n~tural system to the U, B , V 
system were effected by means of observations of stars from 
regions EB and E9 once during each run . The z e ro points were 
controlled by observations of at least two of the loc a l 
standards SMC - P , Q and E , and 47 Tue 1 J • For convenience, 
we have taken the magnitudes and colours of these four stars 
from Table 2 . 5 and have listed them in Table 4 .1 below , 
together with Tifft ' s adopted results for P, Q and 47 Tue -
13. 
TABLE 4 . 1 
Local Photoelectric Standards 
Star V B- V U- B VTifft (B-V)Tifft 
SMC - p 10 . 32 .1 9 • 1 4 10 . 28 • 17 
Q 10.65 1. 20 1 • 21 10.57 1 • 17 
E 7 .79 1 • 1 2 1 . OJ 
47 Tue 
- 13 11. 92 1 • 60 1 . 84 11 • 77 1 • 57 
No attempt was made to measure extinction coefficients for 
each night since the program st a rs and the local standards 
were observed at approximately equ a l a ltitude s , i . e . 
!sec z (program star) - sec z (st andard)! < 0 . 2 always . Mean 
coefficients were used to remove a ny residual dependence of 
the magnit ude s and colours on a ir mass . 
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The final mean magnitudes and colours for all the stars 
measured are set out in Table 4 . 2 . Columns 1 to 5 contain 
the identification number , V, B-V , U- B, and number of 
observations , respectively . For comparison, Tifft's results 
for these stars are listed in columns 6 and 7 of the table . 
From the night to night differences in colours and magnitudes 
for those stars measured more than once , we find mean errors 
of ± . 02 in V, ± . 04 in B-V, and ± . 04 in U- B. 
4 . 2 Two-Colour Diagram 
Figure 4.2 contains the two-colour diagram for the stars 
in Table 4 . 2 . The continuous line is the standard relation 
taken from Johnson (1966) for luminosity cl a sses V (B-V < 1. 0) 
and III (B- V > 1.0). The circled points represent stars which, 
from their positions in the colour-magnitude and two-colour 
diagrams , are probably field stars . Sever al other stars 
whose representative points lie on or very close to the 
standard relation a r e al so probably field stars , though they 
lie among the cluster stars in the colour-magnitude diagram~ 
The two stars , numbers 4 and 29 , a re both virtually 
unreddened and are at about 2 . 7 kpc and 2 . 2 kpc , respectively . 
Egg_,~n: :-( 1 9(?.,1.b ):' found the reddening to be negligible , Arp ( 1958) 
found . 0 1 ± .01 for the foreground reddening of the SMC , and 
Feast et al ( 1960) found 007 for the SMC foreground reddening . 
We shall ignore any reddening effects here . For ultraviolet 
exc esses determined from the region . 8 < B-V ~ 1.4, a change 
of +6EB- V in reddening results in a change of approximately 
-1.J 6EB- V in the value derived for 6(U- B) . 
l 
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TABLE 4 . 2 
Colours and Magnitudes of Stars in 47 Tue . 
Menzies Tifft 
Star V B- V U- B n V B- V 
1 14.54 . 90 . 65 2 14 . 46 090 2 14 . 36 0 98 . 55 1 14 . 26 . 89 
J 13 ,. 94 Q 91 . 53 1 14 ., 06 
. 70 4 15 . 69 . 76 . J4 2 15 . 66 . 62 
5 14008 079 . J4 J 14 . 01 • 71 
6 13 . 72 1 . 09 . 85 J 1 J . 67 . 98 
7 13 . 00 1 . 26 1 • 25 1 12 . 89 1 . 21 8 12" 50 1. 40 1. 50 4 12 . 42 1 • 35 9 14078 . 99 . JS 1 14 . 80 . 86 
10 14.05 . 87 . JS J 14 . oo .so 
1 1 12 . 22 1 • 51 1 . 7 J J 12 . 1 J 1. 4J 12 12 . 21 1. 48 1 . 64 4 12 . 15 1. 42 13 1 1., 92 1 • 60 1. 84 Std 11 • 77 1 • 57 14 13.62 1 . 08 . 85 J 13 . 55 1 . 04 15 15 . 33 . 40 ., 11 2 15 .. 46 • 1 5 
16 15066 . 92 . 40 1 15 . 66 . 72 17 15 . 66 . 91 . 49 1 15.49 . 82 
18 14 . JO .84 . J 1 1 14.J4 . 56 
19 14 . 60 
. 95 . 47 1 14 . 54 . BJ 20 14 . 92 .89 . 40 2 14 . 91 . Bo 
2 1 14 . 15 .86 . 40 J 14 . 09 . 81 22 15 . JJ . 87 • J 1 2 15 . 31 . 74 23 15 . 08 • 91 . 53 1 14 . 96 . 78 24 1J . 8J 1 • 10 
. 93 1 13 . 78 1 . 04 25 12 . 82 1 . JO 1 . 28 2 12 . 80 1 . 24 
26 15 . 79 .88 . J6 1 15 . 76 . 78 27 12 . 84 1 . 08 
. 77 J 12.79 . 94 28 1 2. 15 1. 47 1 • 71 J 12 . 02 1 . 41 29 15 . 73 . 52 .. 04 2 15.83 . JS JO 12 . 37 1 . 07 . 79 J 12 . 25 . 90 
31 14.08 . 84 . J8 1 14 . 06 . 70 32 14 . 62 .94 . 45 2 14.54 . 89 33· 14 . 41 
. 99 . 55 1 14.47 . 86 34 14. 14 . 78 . 40 1 14 . 07 . 66 
35 14 . 08 1 . 07 . 78 1 
l 
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Table 4 . 2 - continued 
Menzies Tifft 
Star V B- V U- B n V B- V 
36 1J . 41 . 64 . 14 2 
37 14 . 29 099 059 1 JS 14 .. 16 1 .. 02 . 86 1 
39 13 . 99 1 . 00 . 76 1 40 12 . BJ 1 . 1 7 1. 09 1 
4 1 14 . 58 .,65 
. 1 5 1 42 14 . 62 0 91 . 39 1 43 13.95 . 90 . J4 1 44 14 . 17 . 98 . 87 1 45 14 . 97 
-.09 -. 50 2 15.18 
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Neglecting the circled stars and also those lying on or 
below the standard relation , we find~ 
o(U- B) = 0~2J ±0~06 (m . e . ) (20 stars) for B-V < 1~0 
(0~21 ±0~05 if we ignore the point at B-V = . 99 , 
U-B = ., JS) 
( ) m4 m4( ) 6 U- B = + 0 . 1 ±0 o 0 m. e • ( 15 stars) for B-V m ~ 1 • 0 . 
The overall mean value is 
~( ) m m ( ) v U- B = 0 . 1 9 ±0 . 07 m. e. • 
Reference to the colour- magnitude diagram (see F i gure 4 . 4) 
reveals that , in the region o . 8 ~ B- V < 1 .0 , the horizontal 
b r anch stars and the giants overlap in colour to some extent . 
This suggests that an effect similar to that noted by Sandage 
& Wal ker ( 1966) in M92 and MJ may be responsible for the 
increased s c atter of the points in this colour range in the 
two - colour diagram (Figure 4. 2) . 
In Figure 4 . J we have plotted the ~agnitude of each star 
in the range 0 . 78 < B- V < 1 . 0 against its ultraviolet excess . 
The crosses in the figure represent the stars which appear , 
from the colour-magnitude diagram , to be members of the 
horizontal branch . Although the number of stars in the sample 
is small , there does seem to be a quite definite trend of 
approximately the same magnitude as found by Sandage & 
Walker ( 1966) in M92~ The continuous line in the diagram 
has a slope of approximately o(U- B)/v = 0 . J0 , which is some 
five times thesl0pe expected for a pure gravity effect (see 
Sandage & Walker , 1966) 0 
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4.J The Colour-Magnitude Diagr~ 
A by-product of the observations made for the purpose 
of determining the ultraviolet exc ess is a colour-magnitude 
diagram for 47 Tue based on photoelectric observations only . 
This colour- magnitude diagram is shown in Figure 4.4 . The 
continuous lines are a schematic representation of Tifft's 
results based on his Table II (Tifft , 196Jb). There is 
clearly a considerable differen~e between the present results 
and Tifft ' s , and we shall take this up in the next section . 
The stars 27 , JO and 35 lie above the giant branch , but, 
from the two - colour diagram , seem to be cluster members . 
They have ultraviolet excesses of 0~23 , 0~19, and 0~20 , 
respectively . The blue star , Number 45 , may be a horizontal 
branch star , or possibly an outlying member of the SMC . It 
should be possible to decide this from radial velocity 
measurements . If it is a cluster member , then it will be 
interesting to compare it with similar stars in other 
globular clusters , and also to see if there are any more in 
the cluster . 
In Figure 4~4 , the giant branch at B-V = 1. 4 is only 
1~6 above the horizontal branch , a much lower value than has 
been found for any other globular cluster so far measured . 
Also , the colour of the giants at the level of the horizontal 
branch is approximately B- V = 1.02 , which is redder than in 
any other globular cluster, though still not nearly as red a s 
the giants at M = 0~5 in M67. 
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4 . 4 Comparison with Tifft 
In Figure 4 . 5 we have plotted tV , in the sense (Menzies 
Tifft) , as a function of VM ' the magnitudes found by the 
writer , and also Tifft ' s colours , (B- V)T , against the colours , 
(B- V) M, from the present study . 
diagrams have the equations : 
The straight lines in the 
tV = .. 033(VM - 15T;14) 
and (B- V)T = 1. 12(B- V)M - 0 . 23 , respectively . 
The fi r st of these indic ates a difference in s c ale between 
the Menzies and Ti fft V magnitudes . The magnitudes , VM ' were 
obtaine d photoelectri cally , i ne . by an inherently linear 
method . Tifft ( 1963b ) transferred a standard sequence 
photogr aphically from the region of NGC 12 1 to the vi c inity 
of 47 Tue , and then force - fitted his colour- magni tude diagram 
to the one defined by the photoelec tric results of Eggen 
and of Wesselink . It is p ossible that a distortion of Ti fft ' s 
magnitude scale occu rred during this process . 
The derivation of (B- V) colou:::· s photographically requires 
that Band V be obtained independently while , photoelectric a lly , 
(B- V) is found directly by inte r polation into a linear 
transformation equation . The sc a le error noted above , if it 
does exist in Tifft ' s results , would influence the (B- V) 
colours as well as the V magnitudes derived photographically . 
We also note that the magnitudes adopted by Tifft for the 
SMC standa rds P and Q, and the magnitude he derived for 
47 Tue - 13 (= Wesselink a) differ systematically from those 
found in the present study . 
+ 20,-------=------v--------c--------------------r 
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Tifft me asures the reddest star 0~15 brighter a nd the 
bluest star 0~04 brighter than the author. This effect may 
be partly responsible for the observed difference in sc a le 
between the photographically and photoelectrical ly determined 
colours . 
4 . 5 Conclusion 
It is clearly most important tha t the differences 
discussed above be cleared up by further photoelectric 
observations . The importance of this cluster is such that 
a detailed photoelectric study of it should be carried out 
to as far down the nain sequence as possible . Also , ultra-
violet colours must be obtained for a larger sample of stars 
in order to extend and clarify the effect suggested by 
Figure 4 . J . Finally , the ultraviolet excess found here for 
the cluster stars is larger than would be expected on the 
basis of the spectroscopic observations . There may be some 
other effects , such as turbulence and rotation, which 
contribute to the ultraviolet excess besides low metal 
abundance . A detailed spectroscopic study of at le a st the 
giants in 47 Tue would probably be well rewarded . 
l 
5. 1 Introduction 
The globular 
0 1950 = -71°07') 
north end of the 
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is situated about one degree north of the 
bar of the Small Magellanic Cloud (SMC). 
Its galactic latitude (bII = -46~25) is nearly the same as 
that of 47 Tue. The proximity of these three objects to 
one another in the sky mGkes them ideal for comparative 
studies. 
Since the northern end of the SMC is almost directly 
behind NGC 362, we can put an upper limit on the reddening 
of the cluster, viz., the reddening of the SMC. Alternatively, 
if we can determine the reddening of the cluster, we can say 
that the SMC must be reddened at least as much as this. 
NGC 362 has an integrated spectral type of F8 ( Kinman, 
) m m 1959b, and integrated colours of B-V = 0.78, U-B = 0.17 
(see Chapter 7). These characteristics of the integrated 
light are similar to those of M3 and M5 (see, for example, 
Arp, 1965b). NGC 362 would thus be expected to belong to 
the group of globular clusters of intermediate metal 
deficiency, whose colour magnitude diagrams are characterised 
by 1) a horizontal br~nch containing predominantly blue stars, 
or with an even distribution of stars across the RR Lyrae 
variable gap, and 2) a giant branch which, at (B-V) = 1~4, 
0 
rises to a height, 6V , of approximately 2~5 (see Arp, 1965b). 
l 
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This prediction is supported by the presence in the cluster 
of at least seven cluster type variables (Sawyer, 1955) whose 
mean period is 0~542. 
This chapter concerns the colour-magnitude diagram of 
m m NGC 362 which has been obtained to V = 16.2 and B = 17.6. The 
two-colour diagram for selected cluster stars has also been 
obtained photographically. 
5.2 Observations 
a) Photoelectric sequence: Photoelectric observations 
of 28 stars in the vicinity of NGC 362 have been obtained 
on the U, B, V system. The 40-inch telescope at Siding Spring 
Observatory was used at the Cassegrain focus on five nights. 
The equipment used was the same as that described in Chapter 2. 
Magnitudes and colours on the 40-inch natural system 
were transferred to the U, B, V system via measurements of 
six SMC standardso The stars, E, Kand g were used on three 
nights, and T, P and Q were used on two nights. The magnitudes 
and colours adopted for these stars are given in the first 
three columns of the following table (Table 5.1). The 
values for stars P, Q, T and E are taken from Chapter 2 of 
this thesis, while those for Kand g are from Eggen (1961a) 
since this was the only source of (U-B) colours for these 
stars at the time. 
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TABLE 5.1 
Primary Photoelectric Standards 
Adopted Observed 
Star V B-V U-B V B-V U-B n 
p 10.32 e 19 .14 10.32 • 1 9 • 15 2 
Q 10,,65 1., 20 1 • 21 1 O., 65 1. 20 1 .. 22 2 
T 10.,77 ,.44 -0 .. 01 10.81 .4J .oo 2 
E 7.79 1 ., 12 1. OJ 7.79 1 • 11 1.02 3 
K 9o77 039 ~07 9.78 .JJ .07 3 
g 11 0 57 .09 0 14 11. 65 ., 15 • 17 3 
(see Arp (1958) for a finding chart for these stars.) 
The transformation equations from the u, b, y natural 
system to the U, B, V system were: 
where y , 
0 
V = y + A 
0 
(B-V) 
(u-B) 
= 0.94(b-y) + C 
0 
= 1o02(u-b) + D 
0 
(b-y) and (u-b) are magnitude and colours on the 0 0 
natural system corrected to outside the atmosphere, and A, C, 
and Dare constants which varied slightly from night to night. 
Because the program stars and the standard stars are so close 
together in the sky~ and because the observations were made 
over a range of only O~J in air mass on each night, no 
attempt was made to measure extinction coefficients. The 
following mean coefficients were used: 
= 0.20 
= 0.10 - o.o4(b-y) 
= 0 .. 30 
0 
mag/sec z 
ma g/sec z 
mag/sec z. 
The mean magnitudes and colours for the standard stars, 
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TABLE 5 .2 
Photoelectric and Photographic Magnitudes and Colours 
for Stn.n ,~n.r < s 
Photoelectric Photographic 
Star V B-V U-B n V B-V U-B 
1 10.44 
.91 .64 1 10.56 .82 
2 10.52 1.49 1.81 3 10.56 1. 50 1. 80 
3 10.95 1 • 1 J .96 1 10.88 1. 37 
4 10.95 .87 .51 4 10.94 .84 
.55 
5 11 • 1 7 1. 07 .90 1 1 1 • 1 7 1.06 .96 
6 11. 53 1 .OJ .74 4 11.54 1.02 
.73 
7 11.63 .61 .06 J 11. 66 .53 • 1 1 
8 12.39 
.57 -.OJ 2 12.40 
.57 -.09 
9 12.49 .68 
-.05 1 12.48 .64 
10 13.01 .62 
-.08 1 13.01 
.63 
1 1 12.98 1 • 12 .81 1 13.04 1 • 1 1 
.77 
12 13.02 .62 
-.07 1 13.07 .56 -.01 
1J 13.38 
.95 .65 1 13.40 
.97 .76 
14 13.55 1 • 15 1.10 1 lJ.47 1. 27 1.07 
15 1J.89 .70 .08 2 13.88 .66 .05 
16 14.23 .61 
-: .. 15 3 14.29 
.53 -.OJ 
17 14.56 .06 .27 1 14.60 
-.07 .21 
18 14.53 
.57 .06 1 14.68 
.51 
19 14,75 .82 .24 1 14.72 .72 .J6 
20 14.84 1.08 
.74 J 14.85 1 • 1 J .67 
21 15.35 .92 2 15. J1 .96 
22 15.49 
.53 .09 1 15.53 .52 • 12 
23 15.54 .6J -.01 1 15.58 
.53 .08 
24 15 •. 77 .64 .oo 1 15.62 .67 .OJ 
25 15 •. 82 • 12 .JO 1 15.83 .08 
.J4 
26 1 6. 11 .08 .05 J 16.09 
- • 1 J • 19 
27 16.21 1. 58 1 16 .23 1.53 
28 16.94 .66 1 16.93 
.77 
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obtained by interpolation int o the transforma tion equa tions, 
together with the number of observations of e a ch a re given 
in the last four columns of Table 5A1. 
Figure 5 . 1 identified the stars nea r NGC 362 which were 
measured photoelectrically, and which were subsequently use d 
as standards for the iris photometry. The variables (Sawyer, 
1955) are indicated by a 'v' before the number. The magnitudes 
and colours for these secondary standard s and the number of 
observations of each are given in column 2 to 4 of Table 5.2 
below , column 1 containing the identification number from 
Figure 5 . 1 . The mean errors for a single observation as 
judged by the night to night differences for stars observe d 
more than once are ±0.03 in V, in B-V and in U-B. 
b) Photographic Photometry: Details of the seven pla tes 
which were measured are listed in Table 5.3 below. All the 
plates were obtained with the 40- inch telescope a t Si d ing 
Spring Observatory. 
Plate No . 
V S168 
B 
u 
s199 
S201 
S189 
s708 
s710 
s712 
TABLE 5.3 
Details of Plates Measure d 
Emulsion, Filter* 
Eastman 103a -D + GG14 
II 
II 
Eastman 103a-O + GG13 
II 
Eastman 103a-0 + UG2 
II 
Exposure (min) 
20 
10 
10 
10 
5 
15 
60 
* All filters 2mm Schott 
l 
'. 
-I N 
-9 
'v9 
·11 
P -3 -17 
r ~ 
·13 
-5 
·12 - 28 
.18 
' ·10 
.16 
-20 
vl0 
.-
-7 
_4 
26 
-21 
·25 
-22 
23. 27 
19 '15 
-8 
• 
6-
2-
• 
FifTre 5 .1: Finding chart for photoelectric standards and variables (number preceded by a 
' v' near NGC 362. The region within which iris photometry was done is indicated by the 
circle . Reproduction from plate S 199. 
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The iris photometry was carried out in accordance with 
the procedures described in Chapter 2. The magnitudes and 
colours which were obtained for the secondary standards near 
the cluster by interpolation into the calibration curves are 
given in Table 5.2, columns 5 to 7. The residuals, 6V, 6B, 
6U, 6(B-V), and 6(U-B), in the sense (photoelectric-photographic), 
are plotted as functions of photoelectric magnitudes and 
colours in Figure 5.2. It is evident that there is no 
systematic difference between the photographic and 
photoelectric values. 
The faintest standard, No. 28, was only measured once 
photoelectrically and may not be too reliable, although 
smooth calibration curves drawn asymptotically to the 
magnitude axes (v and B) always passed through the point pg 
representing this star. The sample measured is probably 
complete to V = 16~2, excluding stars with close companions. 
NGC 362 is a very compact cluster (concentration class 
III) and, consequently, the central region is virtually 
inaccessible to measurement. Only stars further than 
112 from the cluster centre were measured. This limit was 
dictated by the fact that the yellow plates were obtained 
under poorer seeing conditions than were the blue plates 
and crowding of stars is still a problem at a greater 
distance from the centre in the former than in the latter. 
The outer limit of the region photometered is at ab out 5!2 
from the cluster centre, a little less than two thirds of 
the cluster radius (Sawyer Hogg, 1963). This annulus was 
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divided into four qua drants for convenience of measurement. 
Figure 5.1 shows the arrangement of the qua dra nts and the 
limits of the region in which stars were measured. The 
individual stars are identified for each quadrant in Figure 
5.3. Eight variables are identified by a 1/1 preceding the 
number from Sawyer's (1955) catalogue. The total number of 
stars measured is 331. There are 49 more stars brighter 
than V = 16~2 in the annulus which were not measured 
because they have close companions, and the variables were 
also not measured. 
The final V magnitudes and (B-V) colours for the program 
stars are contained in Table 5.6 (4 parts) at the end of the 
chapter. The mean deviations as judged from the plate to 
plate differences are ±O~OJ in V and ±0~05 in B-V. The 
star numbered I-39 is non-existent due to an error in 
numbering, and IV-19 = III-JJ. The two ultraviolet plates 
are not of very high quality, so only 82 selected stars in 
the outer regions of the quadrants were measured. The (u-B) 
and (B-V) colours of these stars are given in Table 5.7, 
also at the end of the chapter. The mean deviation for a 
(u-B) colour is about ±0~10. 
5. J Colour 1'1agni tucle and Two-Colour Diagrams 
a) Reddening: We consider first the two-colour 
diagram for the photoelectric standards which is shown in 
Figure 5 .4. The continuous lines represent the st a ndard 
relations for luminosity cl a sses V and III and a re taken 
from Johnson (1966). By moving the points representing the 
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stars along a reddening trajectory back to the standard 
relation and then comparing the reddening so derived with 
distance , we should be able to determine the reddening of 
the cluster . However , in the present case, some of the 
standards are possible cluster members, while most of the 
rest , though certainly field stars because they are so 
bright , seem to have ultraviolet excesses, or alternatively 
EB- V ~ 0~6 , which is no~t unlikely for this region of the 
sky . 
Feast et al (1960) found EB-V = 0~07 ±0~01 for the 
average foreground reddening of the SMC. As we shall see 
below , the red edge of the RR Lyrae gap in the colour-
magnitude diagram of NGC J62 is at about B-V = 0~47, which, 
with the above value for the reddening, becomes (B-V) = 
0 
0~40 , and it -almost certainly should not be any bluer than 
this . m The cosecant reddening law, EB-V = 0.06 cosec 
gives for this latitude (bII = -46~25), EB-V = 0~04. 
The following table (Table 5 . 4) lists eight stars which 
are probably field stars without ultraviolet excesses, and 
the three stars , E, K , and g , which are only about 1° south 
of the cluster , are also included . The first four columns 
contain the star number and the photoelectric magnitudes 
and colours as in Tables 5 . 2 and 5~1. The fifth column 
contains the assumed luminosity class, a colon after the 
class indicating some ambiguity in the assignment of class. 
The reddening, EB-V ' is given in the sixth column and the 
seventh contains the distance, r, of the star in p a rsecs 
- ·1 -
+ ·1 
.3 -
·5 
.7 
U-B 
. 9 
1· 1 
1·3 
1·5 
1·7 
1·9 
+·1 
j /'II r' I ' -, . ,, : 
·3 .5 B-V 
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determined from the equation: 
log r = (v - M + 5 - A )/5 V V 
where M = intrinsic luminosity determined from the intrinsic V 
colouis and as c~ne d luminosity class (Keenan, 1963), 
TABLE 5.4 
Reddening of Photoelectric Standards 
Star 
1 
2 
3 
4 
5 
6 
13 
18 
E 
K 
g 
Luminosity 
Class 
V 
III 
V: 
V 
V: 
V 
V 
V 
III 
V 
Ia* 
V 
10.44 
10.,52 
10.95 
10.95 
11 • 1 7 
11 0 53 
13.38 
14.53 
7.79 
9.78 
11 • 65 
*from Feast et al, 1960~ 
B-V 
0.91 
1 • 49 
1 • 1 3 
0.87 
1. 07 
1. OJ 
0.95 
0.57 
1 • 1 1 
0.33 
0. 1 5 
U-B 
o.64 
1.81 
0.96 
0.51 
0.90 
0.74 
0.65 
0.06 
1. 02 
0.07 
0. 17 
EB-V 
o.oo 
-0.01 
0.06 
o.o4 
0.02 
0. 12 
0.06 
o.oo 
0.02 
0.01 
-0.02 
r(pc) 
67 
1459 
46 
97 
88 
94 
240 
1164 
352 
246 
54000: 
It is evident from this table that the reddening in 
front of the cluster is quite small~ We shall adopt 
m EB-V = 0~05, and consider in later sections the effect of 
a variation of ±0~05 in EB-v · 
b) The Colour-Magnitude Diagram: The colour-magnitude 
diagram for 331 stars in the cluster is shown in Figure 5.5. 
The characteristics of a globular cluster are evident, but 
there are some distinctive features. The horizontal branch 
is confined almost entirely to the red of B-V = 0~47, and 
the concentration of stars on the red side of the branch is 
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very high. The height of the giant branch above the horizontal 
branch at B-V = 1~45 ((B-V)
0 
= 1~40 for EB-V = 0~05) is 
6V = 21!134. For a range of 0~05 ±0~05 in EB-V' the range in 
6V is ±0~1. The field star contamination of the diagram 
should be quite small. The area of the region in which 
stars were oeasur0 c is 79.5 sq min of arc, and, according 
to Allen (1963, p.2J4), should contain about 15 field stars 
brighter than V = 16m. The blue plates were searched carefully 
in an effort to find more blue horizontal branch stars, but 
no other star which did not have a close companion was found 
in this part of the colour-magnitude diagram. Of the 49 
stars not measured as explained in Section 5.2(b), 16 were 
estimated to be horizontal branch stars, but it is 
difficult to assign them to one or other end of the branch. 
The apparent magnitude of the horizontal branch is 
m 15.50. We assume that the RR Lyrae stars also have this 
mean apparent magnitude and that their absolute magnitude 
is M = + 0. 50. 
V 
m With a reddening correction of A = 0.15, 
V 
we find a modulus for the cluster of 
(m-M) = 141!185, 
0 
which corresponds to a distance of 9.33 kpc from the Sun. 
c) The Two-C'"]Jo 1.r Diagram: Figure 5. 6 is the two-
colour diagram for selected stars in the outer regions of 
the cluster. The continuous line is the standard relation 
reddened by E 
B-V 
m m 4 
- 0.05, EU-B = O.O. Evidently the giants 
' 
and subgiants have ultraviolet excesses with respect to the 
standard relation. The stars with B-V < 0~10 which lie 
7 
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Figure 5 . 6 : Two - colour diagram for 82 stars in NGC J62. 
The c ontinuous line represents the standard relation 
reddened by o~os. 
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' below the line appear t o have ultraviolet deficiencies with 
respect to the standard relation. These stars all lie on 
the blue side of the RR Lyrae gap in the horizontal branch 
(see Figure 5.5). Too rrruch weight ought not to be attached 
to the exact positions of these stars in Figure 5.6 because 
of the uncertainties involved in the determination of (u-B) 
colours photographically. 
star in the next section. 
We shall discuss the very blue 
Considering only the points in 
the range 01!18 < (B-V) < 1~3, we find the average ultraviolet 
excess to be o(U-B) = +0~20 ±01!110 (m.e.). For a range of 
±01!105 in EB-V' the corresponding range in o(U-B) is - m +0.06. 
This is di 1:.1ilar to the ultraviolet excess found for M3 
(Sandage & Smith, 1966), which we should have expected from 
the integrated spectral type of F8 for NGC 362. 
d) The Blue Star: This star is situated in quadrant 
III, preceding star IIT-22. Its position is circled in 
Figure 5.3. It is quite bright on the blue and ultraviolet 
plates, and its (U-B) colour is reasonably well determined, 
but it is almost invisible on the yellow plates. It appears, 
however, on some longer exposure yellow plates, and its 
magnitude was estimated on them by extrapolation of the 
calibration curves beyond the sequence limit. The magnitude 
and colours are as follows: 
V = 17r;1o ±01!12 
B-V = -01!120 ±01!12 
U-B -01!174 m - ±0. 1 • 
From the limited number of plates available, the star does 
---
---
---
---
---
---
---
-----
---
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not seem to be variable. However, on the deepest ones, it 
appears sl ightly elongated and may be double or e ven non-
stellar. If it is a star, then it may be a horizontal 
branch star such as those found at the very tip of the 
branch in MJ (Johnson & Sandage, 1956). On the other hand, 
this star may be a member of the SMC, although the latter 
barely extends as far north as the cluster (de Vaucouleurs, 
1955). It would then have an absolute luminosity of the 
order of -2~0 (for(m-M) = 19~0 for the SMC (Bok, 1966)). 0 
This luminosity and the colours listed above are character-
istic of stars in the vicinity of BJ V or BS III. 
5.4 Discussion. 
The colour-magnitude diagram of NGC J62 is unusual for 
a cluster of integrated spectral type F8. The small number 
of stars on the blue side of the RR Lyrae gap contrasts 
strongly with the large number found in MJ, for example 
(Johnson & Sandage, 1956). The large concentration of 
stars on the red side of the gap is characteristic of 
clusters of later type ( ~GJ), such as 47 Tue and NGC 6171. 
However , these clusters of late spectral type have 
6V ~ 2~0, and NGC J62 has a 6V intermediate between this 
and that of the MJ-type clusters. The spectral type assigned 
to NGC J62 is probably satisfactory since its integrated 
colours would also indicate this type. 
No other galactic globular cluster h as a colour-
magnitude diagram which combines the characteristics of a 
moderately large 6V and a predominantly red horizontal 
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - - - - - -
- - - - - -
- - - - - -
1 1 6 • 
branch. However, diagrams of this type are not unknown. Those 
of the intergalactic globular clusters, Pal 3 and Pal 4 
(Burbidge & Sandage, 1958), and that of the SMC cluster NGC 121 
(Tifft,1963a) bear a strong resemblance to the colour-magnitude 
diagram of NGC 3 62 . The Draco dwarf galaxy (Baade & Swope, 
1961) appears to be a more extreme case, having a predon.inantly 
m red horizontal branch together with a 6V ~ 3.0, the latter 
being characteristic of the extreoely metal deficient galact~c 
globular clusters like M92. The following table (Table 5.5) 
compares some characteristics of NGC 362 with those of a number 
of other clusters. 
TABLE 5 .5 
Comparison of NGC 362 with other globular clusters 
Cluster Horizontal No. of RR Lyrae Sp. type 
NGC 6V branch variables 
---
104 
6171 
5272 
362 
121 
Pal 3 
Pal 4 
1 • 6 
2.05 
2.64 
2.34 
2.5 
2.3: 
2.6 
red 2 (?) G3 
11 24 G3 
equal 201 F7 
red 7+ F8 
red 9 F7-8 
II 
II 
1 
0 
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No . of variables from Sawyer (1955) 
Spectral types from Kinman (1959b), and for NGC 121 from 
Thackeray (1959). 
A further comparison may be made between NGC 362 and MJ 
via their luminosity functions, which are shown in Figure 
5.7. All the stars in regions I to IV in NGC 362 have been 
included. For the 49 stars not measured, eye estioates of the 
V magnitudes were male. Of the 8 variables in the region, 
7 have been assigned to the horizontal branch (v - 15~5) and 
one to V = 12.5. The total number of stars with Vs 16~2 
in regions I to IV is 377. We shall refer to the NGC 362 
luminosity function as ¢(362). 
The luminosity function of M3, ¢(M3), has been taken 
from Sandage (1954). In Figure 5.7 we have plotted 0.33 x 
o (M3) and 0.21x¢(M3) as open circles and crosses, respectively, 
with a shift of 15~5 so that the horizontal branches of the 
two clusters coincide. The function, 0.33x ¢ (M3) gives 
approximately the same number of stars at the magnitude of 
the horizontal branch as in ¢ (362). It can be seen that 
the ratio of giants to horizontal branch stars is larger in 
M3 than in NGC 362. The relative overabundance of stars at 
the level of the horizontal branch in NGC 362 is also made 
clear by a comparison of Q(362) with the function, 0.21x¢ (M3), 
in which the total number of stars with Vs 15~0 is the same 
as in the NGC 362 luminosity function. 
This comparison is necessarily rather rough because of 
the small sample of stars counted in NGC 362. However_, if we 
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Figure 5 . 7 : Luminosity function for NGC J62 (histo-
gram) compared with 0 . 22 x ¢(MJ)(crosses) 
and wi~h O. J1 x ¢(MJ) (circles). The 
hatched areas correspond to stars in GC 
J62 not measured as described in the text. 
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assume the effect noted here to be real, it may be that 
the giants in NGC 362 evolve faster along the giant branch 
than do those in MJ. Alternatively, the horizontal branch 
stars in NGC 362 may evolve more slowly relative to the 
giants than do those in MJ . Until a larger number of stars 
in NGC 362 are measured, this must be considered highly 
speculative. 
It may be significant that the clusters that have 
colour-magnitude diagrams like that of NGC 362 are outside 
the Galaxy. This suggests that the conditions at the time 
and place of formation of these clusters may have been 
responsible for the present structure of the horizontal 
branches. It has been suggested by van den Bergh (1967) 
that the helium abundance may vary amongst globular clusters, 
and this has been taken up by Sandage and Wildey (1967). 
We shall discuss this possibility later, in Chapter 8. 
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TABLE 5.7 
U-B, B-V for 82 Stars in NGC 362 
Star B-V U-B Star B-V U-B 
I - 1 .68 .26 I - 17 .94 • 41 
2 1 . 10 • 72 18 • 61 .14 
3 1 . 00 .67 19 .96 . 1 6 
4 
.95 . 31 20 .66 • 1 3 
5 .40 • 1 3 23 1. 24 1. 09 
6 
.05 .J4 65 .91 .29 
7 .81 .45 66 
.96 .46 
8 1 . 42 1 . 1 9 67 .68 .26 
9 .88 
.55 68 .62 • 11 
10 .68 . 1 3 
--
II- 1 .62 .06 II- 47 .94 .57 
6 .84 .36 48 .91 .47 
7 .60 .20 49 1 • 10 .82 
8 • 61 
.09 63 -.01 .41 
9 -.OJ .28 66 
- . 15 .04 
10 .so .10 72 .65 .09 
20 1 . 62 1 . 51 73 .91 .J2 
37 .62 .24 75 .55 • 1 3 
40 
.93 .53 76 .63 . 16 
42 
.87 .42 77 .96 .49 
43 1 0 10 .71 78 • 91 .50 
III-1 
.93 .41 III-JS .92 .39 
4 1 . 27 1 . 1 5 39 1. 74 1. 66 
5 .99 .JJ 43 .68 .o4 
6 . 61 
.05 44 1 • 65 1.56 
7 .92 .J6 55 .92 .52 
8 
.63 .09 56 1.59 1. 58 
9 c9J .27 60 
.69 .OJ 
17 
.59 .07 62 
.53 • 10 
20 .,87 
.JS 63 1 • 72 1 • 77 
34 .68 .o4 
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Table 5 ,. 7 - continued 
Star B-V U-B Star B-V U-B 
IV - 2 067 . 1 3 IV - 88 .63 .06 
3 .72 .20 89 .48 
-.04 
7 .58 .10 91 1. 33 1. 05 
1 1 1 . 17 .97 95 . 61 • 10 
18 1 . 1 3 .98 99 .58 • 12 
28 .69 .05 100 1. 67 1 • 81 
29 .73 .OJ 103 • 94 .47 
47 1 • 57 1. 55 104 1. 23 1 .o 1 
81 .63 .23 105 .64 • 12 
83 .59 .09 106 .92 .59 
84 1 • 81 1. 76 108 
.59 .oo 
CHAPTER 6 
NGC 3201 
125. 
In order to fill a gap in the observing program, a study 
of NGC 3201 was undertaken. This cluster is well situated 
h m for observations from the Southern Hemisphere (a1950 = 10 15.5, 
It has the 
( -1) highest measured radial velocity +493 km. s amongst the 
globular clusters (Kinman, 1959c) and has received very little 
attention in the past. 
6. 1 Photoelectric Sequence 
The c~uster is conveniently situated between two E-regions, 
E4 and E5 , and at approximately the same declination. A 
photoelectric sequence near the cluster was set up with 
reference to these two E-regions on four nights, two on the 
40-inch and two on the 50-inch telescopes. Observations were 
generally made in the order E4 standards, NGC 3201 stars, E5 
standards, all at effectively the same altitude, so that there 
was no real need to measure extinction coefficients each 
night. Two E4 stars were, however, used for extinction 
measurements. The stars in the photoelectric sequence near 
NGC 3201 were subsequently used as standards for the iris 
A few more stars near the cluster were measured 
on two nights with the 50-inch telescope and were used in the 
determination of the reddening in front of the cluster. 
The equipment used on the 40-inch was as described in 
Chapter 2. Similar equipment was used on the 50-inch but 
J 
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the filters were different, being of unknown type and origin. 
The transformation equations for these filters were: 
V 
-
y - o.o6(b-y) + constant 0 
B-V = o.92(b-y) + constant 0 
U-B = 1.08(u-b) + constant. 0 
In Table 6.1, we have listed the published magnitudes and 
colours for the E-region stars (Cousins and Stoy, 1961) in 
columns 2 to 4 and the observed magnitudes and colours in 
columns 5 to 7. Column 8 contains the number of nights each 
star was observed. The mean deviations for the observed 
values in the tab·le as judged from the night to night 
variations are ±.01 in V and in (B-V), ±.02 in (U-B). 
Star 
E4 : 11 
26 
29 
JO 
44 
E5: 6 
8 
27 
55 
TABLE 6. 1 
Primary Photoelectric Standards 
Published Observed 
V B-V U-B V B-V U-B 
7.63 
9 .99 
6 .70 
7. 10 
5,,73 
8.53 
9.99 
6061 
5.30 
.09 
.54 
1. 22 
1 • 10 
.91 
• 17 
.36 
1. 08 
1. 43 
• 12 
1 • 33 
.94 
.65 
• 10 
.78 
1. 59 
7.65 
10.01 
6067 
7. 18 
5.70 
8.53 
9.99 
6.59 
5.29 
.10 .11 
~52 -.05 
1.23 1.32 
1 • 10 • 90 
.90 .61 
• 17 
.J4 
1. 07 
1 • 44 
• 1 3 
• 15 
.79 
1. 62 
n 
4 
3 
4 
4 
3 
4 
4 
4 
4 
The next table (Table 6 .2) contains, in the first four 
columns, the identification number, V, B-V and U-B, respectivel½ 
for the stars near NGC 3201 measured photoelectrically. These 
stars are identified in Fig . 6.1. The number of observations 
127. 
TABLE 6 .2 
Secondary Standaru s 
Photoelectric Photographic 
Star V B-V U-B n V B-V 
1 10.93 1 • JS 1. 54 3 10.96 1. JS 2 11 • 06 
.JJ .o4 3 11.06 .JJ 3 11 • 61 1. 44 1. 55 3 11. 57 1.48 4 11. 89 .61 .14 3 11 • 88 .57 5 12.21 .45 .os 3 12. 15 .48 
6 12.24 .49 .07 3 12.25 .46 
7 12.JJ 1 • 10 .96 3 12.33 1 • 12 8 1J.28 1. 42 1. 50 3 13.27 1.42 
9 13.39 1 • 14 1. 02 3 1J.J8 1 • 17 10 14.16 
.4J .J2 3 14.31 .22 
1 1 14.53 1 • J 1 1 14.52 1. 23 12 14.79 .87 .52 3 14.82 .89 13 14.94 
.97 .27 3 14.96 
.93 14 15.19 .82 
.JJ 3 15. 18 .86 15 15.22 
.97 .JO 1 15.21 • 90 
16 15.21 .86 .23 3 15.22 .85 17 15.31 .65 1 15.58 .67 18 15.62 .82 1 15.59 .86 19 9.36 • 18 .09 2 
20 10.73 1. 25 1 • 29 2 
21 11. 04 
.39 - .05 2 22 11. 90 1. 62 1.97 2 
23 11 • 91 1 • 21 1 • 18 2 
24 12.79 .53 .o4 1 
25 14.05 1. 02 .40 1 
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Figure 6 .1 F inding chart for the photoelectric standards ne a r NGC 3 20 1. 
boundary of region VI (see text). Reproduction from plate 5 1084. 
The circle represents the outer 
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of each is given in column 5. The mean deviations are 
± .02 in V and in B-V, ±.04 in U-B. 
6 .2 Photographic Photometry 
Initially, two yellow and two blue plates were 
photometered. Details of these plates are given in Table 6.J. 
Plate No . 
V: S1080 
S1085 
TABLE 6.J 
Details of Photographic Plates 
Date Emulsion & Filter 
28.J.66 10Ja-D + GG14 
28.J.66 10Ja-D + GG14 
Exposure (min) 
15 
10 
B: S108J 28.J.66 10Ja-O + GG1J 
S1084 28.J.66 10Ja-0 + GG1J 
20 
20 
(All the above obtained with the 40-inch telescope at 
Siding Spring Observatory.) 
Iris photometry was carried out for stars within a 
I 
circle of radius 4.53 centred on the cluster; this was 
I divided into seven annuli of width about 0.65 and each zone 
was treated separately. Stars which were obviously double 
or which were in a crowded region were not measured. Neither 
were the variables. Colour-magnitude diagrams were plotted 
for each of the seven zones. There was a large difference 
between the diagrams for zones I and II and those for the 
other zones in the sense that the bright stars in the former 
zones were much too blue. It was thought that this might 
be due to background light effects in the relatively highly 
populated -~c.en~Jj regions of the cluster on blue plates. 
These plates were checked for this effect but none was 
evident. The yellow plates were then also checked,with 
J 
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the same result. 
Another blue plate (S375, 10Ja0 + GG1J, 20 min, 
1.J.65, 40-inch telescope) was then measured. For the 
standards , the B magnitudes (B
375 ) derived from this plate 
agreed well with those (B1083 , 4 ) obtained from the other 
two plates. However, it was found for the program stars 
that B
375 > B1083 , 4 • Furthermore, the differences were 
magnitude dependent ., in the sense that they were largest 
for the bright stars and decreased to zero for the stars 
near the faint limit of the sequence (B ~ 16~0). Also, 
at a given value of B375 , the difference (B375 - B1083 ,4) 
was largest in zone I and decreased to zero in zone V. 
This means that, if the values of B
375 are considered to be 
systematically correct, the bright stars on plates S1083 
and S1084 would appear bluer in zone I than in zone V, 
which is just the effect noted above . But its origin is 
very difficult to determine. The seeing appears to have 
been much better when plates S1083 and S1084 were obtained 
than for S375, but apart from this there are no obvious 
differences amongst the plates. Since the plates were 
obtained about a year apart , some condition of the telescope 
optics may have been responsible for the effect, but it is 
not immediately clear just what this condition could be. 
In view of these results, it was decided to measure 
another yellow plate to see if the same sort of effect 
appeared; this was plate number S372 (40 min, 29.2.65, 
10JaD + GG14 , 40-inch telescope). It was disturbing to 
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find a similar effect in the VPg magnitudes to that found 
for the B magnitudes, except that the sense was reversed, 
i.e. the VPg magnitudes from plate SJ72 were brighter 
than those from the other two plates, although the standards 
were again well-behaved. 
At this stage it was difficult to decide which sets of 
results were the correct ones - the original V, (B-V) values 
from plates S1083, 1084, 1080, 1085, or the results from 
plates S372, 375 which, for the bright stars, were brighter 
and redder than in the former case - and no more plates were 
available. However in the course of a program of red and 
infrared photometry of globular cluster giants at this 
observatory, Brooke (1967) obtained V magnitudes for a 
number of the giants in NGC 3201. His preliminary results 
indicate that the V magnitudes obtained from the original 
four plates are probably the correct ones. This has not 
been followed up any further by the author for lack of time. 
We shall therefore assume that the original results for 
zones III to VII are correct; we recall that the colours 
obtained for zones I and II are systematically too blue and 
we shall henceforth ignore these zones. Finally, we note 
that zones VI and VII have been incorporated into a single 
zone, called VI from now on, and we shall proceed with a 
description of the colour-magnitude diagram of the cluster. 
The mean magnitudes and colours found for the secondary 
standards are listed in the second half of Table 6.2 
(columns 6 and 7). In Fig. 6 . 2 we have plotted the residuals, 

1 J 1 • 
6V, 6B, and 6(B-V), in the sense (photoelectric - photographic), 
as functions of photoelectric magnitudes and colours. There 
is no residual colour equation and the photographically 
derived . results agree quite well with the photoelectric ones. 
6.J The Colour-Magnitude Diagram 
A finding chart for the cluster stars for which iris 
photometry was carried out is given in Fig. 6.J. Most of the 
variables falling in zones II to VI are indicated by a 'v' 
preceding the identification number from Sawyer's (1955) list. 
The results of the photometry of the program stars are 
listed in Table 6.6 (4 parts) at the end of the chapter. 
From the plate to plate differences we find mean deviations 
of ±.OJ in V and ±.04 in (B-v). 
The colour-magnitude diagrams for zones III to VI have 
been combined in Fig. 6.4. The giant branch is not very well 
defined, but the horizontal branch is, and the latter seems 
to be fairly evenly populated across the RR Lyrae gap. 
There are 27 certain and 5 possible RR Lyrno variables 
(Sawyer, 1955) in zones II to VI. According to the table 
given by Allen (p.2J4, 1963), we should expect about 66 field 
stars with V < 16m and about 29 with V ~ 15m in zones III to 
VI. However, because of the relatively low absorption found in 
the direction of the cluster, there could well be more than 
this. Assuming EB-V = 0~08 (see next section), we find 
6V ~ 2~7, the uncertainty being due partly to the poor 
definition of the giant branch and partly to the difficulty 
in judging the level of the horizontal branch. If we take 
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the horizontal branch to be at V = 14~93, then, applying an 
absorption correction of A = 0~24, we find the intrinsic V 
to be (m-M) 
0 
= 14~19 ( aeeuming modulus of the cluster 
M (horizontal branch ) V - +0~5). This corresponds to a 
distance from the Sun of 6.88 kpc. 
6.4 Reddening 
In Fig. 6.5 we have plotted U-B against B-V for all 
the stars in Table 6.2 with photoelectrically determined 
colours. The continuous lines are the standard relations 
(Johnson, 1966) for luminosity classes III and V. By 
assuming a luminosity class for each star, we can effectively 
unredden the star by moving its representative point back 
along a reddening trajectory to the standard relation. 
In Table 6.4 we have listed in successive columns the 
identification number from Table 6.2 for each star with (U-B) 
colours, the assumed luminosity class, the spectral type 
corresponding to the intrinsic (B-V) colour (Johnson, 1966), 
the reddening EB-V' and the distance in parsecs to the star. 
Absolute visual magnitudes are taken from Keenan (1963). 
Star number 10 (B-V = .43, U-B = .32) appears slightly 
elongated on the photographic plates, which may explain its 
odd colours. Star number 22 lies off the end of the standard 
relation and has beeh omitted from the table. Finally, star 
number 21 may have a small ultraviolet excess and has not 
been included in the table. 
Reddening is plotted against distance in Fig. 6.6. We 
may interpret this as a gradual increase in reddening with 
• 
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TABLE 6.4 
Reddening of Secondary Standards 
Star Luminosity Spectral 
EB-V 
Distance Class Type (pc) 
1 III KJ 
.05 1590 2 V F1 
.oo 450 J III KJ • 1 J 1920 4 V G1 
.oo 290 5 V F2 
.08 280 
6 V FJ-4 
.09 570 7 V K4 
.02 108 8 III KO 
.06 2460 9 III KJ .14 4100 12 III K0-1 
.08 4080 
13 cl . 
14 V G6: • 14 780 15 cl. 
16 cl . 
19 V A7 .oo 250 20 III K2-J 
.04 1600 23 III K2 
.07 2 290 24 V F8 
.oo 570 25 cl . 
. ~o 
· 10 
EB-V 
O·O 
0 
....,_....,_,..._ _____ ...;::.. .... ..._ 
...,..------------------------ ~ 
·~ 
1 2 r( kpc) 3 
Figure 6 . 6 : Reddening, EB-V' plotted against distance, r, in parsecs for the photoelectric 
standards. 
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distance until the edge of the absorbing layer is reached, 
presumably at 800 parsecs, beyond which there is no further 
increase. At 800 parsecs the line of sight to NGC 3201 is 
about 120 parsecs above the galactic plane. This latter 
figure is of the order of the thickness of the plane found 
by Arp (1962a), but the rate of incraase of reddening with 
m -1 d distance found here, about 0.1 kpc , is only 40p of Arp's 
value. The cosecant law of absorption gives EB-V = 0~4 
for this latitude, but the reddening is certainly lower than 
this. 
The blue and red edges of the RR Lyrae gap are relatively 
well defined, being at B-V = 0~25 and 0~50, respectively. 
If we make the usual assumption that the intrinsic colours 
at these edges are (B-V) = 0~20 and 0~40, respectively, 0 
m m then we find EB-V = 0.05 from the blue end, and 0.10 from the 
red end, giving a mean value of 0~08, in fortuitously good 
agreement with the value obtained from the field stars. 
We shall adopt EB-V = 0.08 for the cluster. This is 
yet further evidence that the absorption in the Galaxy is 
extremely patchy and in some cases is much lower than would 
be expected from the cosecant reddening law which assumes a 
plane parallel layer of absorbing material of uniform 
properties in all direction. 
From their positions in the two-colour and colour-
magnitude diagrams, four of the photoelectric standards 
are cluster members. These stars, numbers 13, 15, 16 and 25, 
are indicated by the abbreviation "cl" in column 2 of Table 6.4. 
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If EB-V = 0~08, the ultraviolet excess of these four stars 
is m -0.38. This figure can hardly be considered reliable, 
based as it is on so few stars. However, it does indicate 
that a fair degree of metal deficiency exists amongst the 
stars in this cluster. 
6.5 Discussion 
NGC 3201 appears to be similar in many respects to MJ. 
We have tabulated, in Table 6.5, a number of characteristics 
of the two clusters for comparison. The numbers in brackets 
relate to the references at the end of the table. The only 
real difference between the two clusters, apart from their 
concentration classes, appears to be in their integrated 
colours. If we correct those of NGC 3201 for reddening, then 
(B-V) = 0~89, 
0 
(U-B) = 0~28, and a large discrepancy still 0 
remains. This anomaly would be removed if the reddening 
m were of the order of 0.30, but this would result in the 
unlikely value of (B-V) = -0~05 for the blue edge of the 0 
RR Lyrae gap, and of (B-V) = 0~20 for the red edge. The 0 
giants at the level of the horizontal branch would then 
occur at (B-V) = 0~50, a much bluer colour than is observed 0 
even for the extremely metal deficient clusters (Sandage a nd 
Smith, 1966). It may be that the ratio of the number of 
horizontal branch stars to the number of giants is lower 
in NGC 3201 than in M3. A decision on this must be left 
until a more detailed study of the cluster can be made, 
and especially until the problems discussed in section 6.2 
have been satisfactorily dealt with. 
1J 6 . 
TABLE 6.5 
Comparison with MJ 
Property 
!JV 
Horizontal branch population 
(B-V) 
. 0 of giants at level of 
horizontal branch 
Number of RR Lyrae variables 
Mean period of ab type RR Lyrae 
variables 
Deutsch spectral group 
Concentration class 
Integrated colours B-V 
U-B 
1. Johnson and Sandage (1956) 
2. van Agt and Oosterhoff (1959) 
3. Sawyer (1955) 
4. Kinman (1959b) 
5. Sawyer Hogg (1963) 
6. This thesis, Chapter 7. van 
M3 
NGC 3201 
B-V = 0. 70, 
B-V - 0. 98, 
MJ NGC 3201 
2.64 ( 1 ) 2.7: 
even ( 1 ) even 
0 .. 79 ( 1 ) 0.80 
201 ( 1 ) 58+ (J) 
0~550(2) 0 ~552 ( 2) 
AB ( 1 ) B 
VI (5) X 
.73 
.97 
.04 (6) 
.34 
den Bergh ( 1967) 
U-B = 0.09 
U-B - 0.39 
(4) 
(5) 
(6) 
gives: 
137. 
It was noted in the first paragraph of this chapter 
that NGC 3201 has a very large radial velocity. Kinma n 
(1959d) found, however, that the cluster is gravitationally 
bound to the Galaxy, although it almost certainly has a retro-
grade orbit. In his analysis, Kinman considers the ratio 
u between the radial velocity, u, of a cluster corrected 0 
for the Sun's gal a ctic rotatio~ and local solar motion and 
the circular velocity at the cluster, on the assumption of a 
point mass Galaxy. We shall recompute the value of u for 
0 
NGC 3201 using the distance found in section 6.3. We make 
the following assumptions (Delhaye, 1965; Schmidt, 1965): 
Distance of Sun from galactic centre= 10 kpc 
Circular velocity at Sun= 250 km/s towards III= 90° 
bII= 0 o 
Local solar motion - 16.5 km/s towards £II - 53°, 
It follows that u 
0 
where Rg = distance of cluster from galactic centre 
= 11.42 kpc for NGC 3201. 
Then, 
u - radial velocity of cluster with respect to gal a ctic 
centre 
= 236 km/s for NGC 3201. 
u = 1.01 < /2. Thus, the cluster radial velocity is 0 
well within the limit for elliptical orbits. 
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32 13 . 2.4 l • 1 j 12 15 . 9? 1 . uz 
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39 1::> . :>8 • bl l ':J 1Lt . 8d . 7j 
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CHAPTER 7 
Integrated Colours of Globular Clusters 
An attempt has been made to measure the integrated colours 
of as many globular clusters as possible on the u, B, V 
system. The aim of the program was to find if there is any 
relation between the integrated colours and the metal abundance 
or other intrinsic properties of globular clusters. If 
intrinsic colours can be found for the integrated light, the 
reddening of a globular cluster can be found from its observed 
colours. Also, since the integrated light of a globular 
cluster is so bright, clusters are easily seen in extra-
galactic systems and a comparison between galactic globular 
clusters and those external to the Galaxy may give us some 
information on the characteristics of the parent systems of 
the latter. 
Altogether, 84 globular clusters, mostly in the Southern 
Hemisphere, have been measured. 
7.1 The Observations 
The main instrument used was the 16-inch photoelectric 
II 
telescope (f/18, 28.2/mm) at Siding Spring Observatory. Some 
clusters, especially the fainter ones, were also observed 
with the 4O-inch telescope on some nights when other 
observational programs were being carried out. The equipment 
used on the 4O-inch was as described before in Chapter 2. 
The filter set in the 16-inch photometer was as follows: 
V: 2mm Schott GG11 
B: 2mm Schott GG13 + Jmm Corning 5030 
U: 2mm Corning 9863. 
Transformations to the u, B, V system were effected by 
means of observations on each night of a number of equatorial 
standards (Johnson, 1963) or of some E-region standards 
(Cousins and Stoy, 1961). Extinction coefficients were 
obtained each night from observations of a red and a blue 
star over a wide range of air masses. Mean coefficients and 
mean transformation equations obtained from the individual 
nightly values were used for runs of more than one night. 
The following table (Table 7.1) contains a summary of the 
transformation and extinction coefficients. The transformation 
equations may be written as 
B-V 
-
a + c(b-y) , 
0 
U-B 
-
d + e ( u-b) , 
0 
where (b-y) = (b-y) - ¾-y sec z, 0 
(u-b) 
-
(u-b) k 
u-b sec z, 0 
and ¾-y - k - .o4(b-y) , 0 0 
u, b, and y being the ultraviolet, blue, and yellow magnitudes, 
respectively, in the natural system, and k_ and k b the 
-o-y u-
extinction coeffi'cients for the (u-b) and (b-y) colours. 
Successive columns in the table contain the dates on which 
observations were made, the telescope used, the extinction 
stars, the extinction coefficients (k, k b), the transform-o u-
ation c oefficient'S (a, c, d, e), and the primary standard 
region used, respectively. 
TABLE 7.,1 
Summary of Extinction and Transformation Coefficients 
Date Te 1 ,.... ,~ '"' o p o · · Extinction k k d a C -- ........ . ) ,-' "--- Stars u-b 0 
19.6. 64 16 BAql , rt.Aql • 100 .J4 1 . JO 1 • 1 4 · -1 • 16 
23,24125.2.65 16 SVir , HD1116J1 .064 .JO 1 • 51 1. 20 
-0.95 
8,9.7065 16 IC4665/4,5 • 105 .J4 1 • 14 1 0 19 --1 • OJ 
11,12.7.65 4o II • 105 .J4 0.98 0.90 -1 • 14 
2 9 , JO , 3 1 • 8 • 6 5 16 z.,Psc , 1 °4774 .,060 
.JO 1 • 14 1.167 -1 • 18 
19.3.66 40 E4:11,29 • 115 .25 0.97 0.96 -1.27 
24,25.3.66 16 E7:16,4J • 110 .J4 1 • 22 1. 22 
-1.JJ 
e 
1. 09 
1 • 01 
1. 04 
1 • 01 
0 ,,91 
1. 05 
0.94 
Standard 
Region 
Equatorial 
It 
II 
II 
II 
E4;5,6,7 
E4,6,7, 
Equatorial 
~ 
~ 
~ 
• 
i 45. 
The original U ~ilter was broken at the end of August, 
1965 and a 2mm Schott UG2 filter was substituted for it on the 
nights of 29, JO, J1.8o65. This was subsequently replaced by 
a new 2mm Corning 9863 filter which was used on the remaining 
nights on the 16-inch telescope. A number of different 
RCA 1P21 photomultipl iers was used, which explains the 
~pparently erratic variation in the transformation coefficients. 
Several different apertures were employed during the 
program. It was found that, in general, the colours for a 
given cluster were independent of aperture size, as has been 
found by other workers (Kron and Mayall, 1960; Johnson, 1959). 
Most clusters have consequently been observed through only 
one aperture, and integrated magnitudes have not been 
retained. Unfortunately, many clusters have been observed 
only once, but, from the internal errors for the clusters 
measured more than once, it is felt that the colours for most 
clusters of the former group should be quite reliable. The 
aperture sizes, together with the corresponding telescope, are 
listed in Table 7.2n 
TABLE 7.2 
Aperture Diameters 
Apertu"l'.'e 
D 
E 
16 -inch 
Diameter 
60 11 
1 20 II 
Aperture 
E' 
F 
G 
H 
40-inch 
Diameter 
J4 II 
56 II 
79" 
11 Q II 
Corrections for the contribution from the sky background 
were made by means of measurements on regions to the north 
and to the south of each cluster. For each filter, the two 
sky readings were averaged and subtracted from the cluster 
plus sky reading. If the two sky deflections disagreed 
significantly, further sky measurements were made , and all 
the deflections were averaged to give the final correction. 
The latter procedure was rarely necessary. 
The catalogue of integrated colours is given in Table 7.J. 
The contents of the columns are as follows: 
1,, NGC number of cluster. 
2. Name o~ cluster. 
J,4. B-V· 
' 
mean deviation (MDB) in B-V for clusters with 
than observation, in units m more one of 0. 01 • 
S,6. U-B· 
' 
mean deviation (MDU) for clusters with more 
than observation, in units of m one 0.01. 
7. Number of observations (n). 
8" Apertures used (Ap). The letter code in Table 7.2 
has been used, and serves to identify both the 
aperture diameter and the telescope used. 
9. Spectral types from Kinman (1959b)o 
EB- V derived as described in the text. 
7.2 Intrinsic Colours of Globular Clusters 
In Figure 7.1 we have plotted the two-colour diagram 
from the data in Table 7 .J. The clusters have been divided 
into three spectral groups, viz., earlier than F5 (squares), 
FS to GO (triangles) , GO and 1 at er ( open circles ) • Clusters 
147. 
TABLE 7.J 
Integrated Colours of Globular Clusters 
NGC Name B-V MDB U-B :~u n Ap. Sp EB-V EB-V 
104 47 Tue .89 1 .39 1 5 1i' H 
.J..J ' 
GJ .o4 • 1 1 
288 0 65 4 .08 4 4 E,H 
.05 
362 662 078 1 .. 17 3 3 E,H F8 • 1 J • 18 
1261 
.69 2 • 1 6 1 J E,H F8 .08 .oo 
1851 6508 "71 . 1 6 1 E F7 • 1 1 .05 
1904 M79 .64 . 1 J 1 E F6 .08 .oo 
2298 
.75 0 o2J 3 2 E F7 .18 eOO 
2808 
.93 1 . J 1 4 2 D,E F8 .JO .27 
3201 
.97 2 .J4 3 2 EH , .28 
4147 .62 J .09 4 2 E,F F2 .07 .oo 
4372 .,90 0 • J 1 1 1 E,G .21 
4590 M68 .,58 3 .OJ 3 3 E,F,D F2 .01 .oo 
48JJ 099 0 .28 2 2 E .44 
5024 M5 J ,, 66 2 . 1 J 0 2 E,D F4 • 1 1 .oo 
5053 .64 . 1 6 1 F .oo 
5139 w Cen 081 3 • 21 1 2 E F7 .20 • 17 
5 272 MJ .,73 2 .09 1 2 E E 1 F 
' ' 
F7 .08 • 19 
5286 , 91 1 .25 1 2 D:E F8 .25 .JJ 
5466 0 68 - -.01 1 F .24 
5634 .72 1 .09 b 2 EE' 
' 
F5 • 1 1 . 17 
5694 0 71 0 .. 09 2 2 EE' 
' 
FJ • 1 3 • 15 
I4499 . 91 .so 1 F .oo 
5824 ,.78 2 ., 12 1 2 EE' 
' 
F5 • 15 .25 
5897 .6J 0 0 10 1 2 FE' 
' 
.oo 
5904 M5 . 71 . 1 2 1 D F5 • 12 • 1 1 
5927 1. 27 1 .86 0 2 EE' 
' 
G2 . 64 • 1 6 
59L~6 1 . 36 ., 61 1 D 
.72 
5986 
.93 0 .JO 3 2 EE ' 
' 
F8 .JO .29 
6093 MSO ,,87 .JO 1 E F7 .29 • 1 9 
6101 
.62 .06 1 E' .oo 
6121 M4 
.97 0 .45 1 2 E . 15 
6 139 1 • 4 J 0 .SJ 6 2 E ,D F8 • 91 .53 
14-s 1 
Table 7.3 - continued 
NGC Nar.1e B-V lVID B U-B :MD n u Ap . Sp EB-V EB-V 
6144 1. 09 .59 1 E' • 19 
617 1 1. 34 .64 1 D G0-1 . 63 .64 
6205 M13 .65 4 -.05 4 2 E F5 .04 .24 
62 18 M12 o.92 4 • 1 7 7 2 E F6 .,23 .47 
6229 ,64 - -.08 1 D F7 .02 .25 
6235 1 • 09 .4J 1 G .43 
625L~ M10 oBO .. 06 1 E F8 009 .JS 
6266 M62 1 ., 18 2 0 53 2 3 E ,H F8 .58 .46 
6273 M19 .97 .36 1 E F4 . 42 .28 
6284 .. 90 .37 1 E F9 .29 • 1 2 
6287 1009 .,73 1 E .oo 
6293 .90 .24 1 E FJ • 32 .32 
6304 1. 25 .82 1 E G2 .61 • 17 
63 16 1 ~ 21 .64 1 E .36 
6325 1. 30 .82 1 E .28 
6333 M9 .92 .,35 1 E FJ-4 .JS • 19 
6J42 1 .. 25 7 .73 2 2 E .31 
6352 1 . 10 .. 67 1 E .09 
6355 1 .. 34 1 .75 3 2 E .46 
6356 1. 09 ~66 1 E G5 .14 .09 
6362 080 ,23 1 E • 13 
6388 1 .. 12 .71 1 E GJ .39 .07 
6397 ,,73 • 1 6 1 E F5 • 16 .09 
6402 M14 1 • J 1 1 • 61 4 2 E F8 .70 .61 
644 1 1. JO 2 .89 0 2 G,E G4 .51 • 18 
6522 1. 25 .67 1 E (F8) .40 
6528 1., 44 
- 1 0 08 1 E • 14 
654 1 ,,79 0 • 15 0 2 E F6 • 16 .23 
6569 1.32 .75 1 E .42 
6584 , 79 (") .20 2 2 E F7 • 18 • 1 5 _, 
6624 1 • 1 4 0 .63 1 2 E G4 . 25 .24 
6626 M28 1 ., 1 1 3 .47 1 2 E F8 .51 .41 
6637 M69 .. 98 .49 1 E GS . o4 • 12 
149 .. 
Table r• 3 -I • continued 
NGC Name B-V MDB U-B MDU n Ap . Sp EB-V EB-V 
6652 
.97 .45 1 D G2 .22 • 1 5 
6656 M22 
.93 .34 1 E F5 .39 .23 
6681 M70 .76 • 1 6 1 D G0-1 .02 • 1 5 
6712 1 • 1 3 9 .so 10 2 E G4 .15 .40 
6715 :M54 .86 1 .21 3 3 E,D F7 .22 .28 
6717 .86 .36 1 E .06 
6723 "78 0 .. 21 0 3 E.H G2 .oo • 12 
6752 .,63 2 • 10 1 2 E H 
' 
F6 .05 .oo 
6760 1 . 59: - 1 • 38: 1 E .02 
6779 M56 .88 .12 1 E F5 .20 .45 
6809 M55 .. 71 0 • 1 1 0 2 E • 12 
6838 M71 1.09 9 .so 1 2 E GS .06 .32 
686L~ M75 .87 3 .29 1 2 E F8 .26 • 18 
6934 .72 .20 1 E F7 • 15 .oo 
698 1 M72 "71 1 • 14 4 2 E G0-1 .00 .07 
7006 
.77 2 .01 5 2 E F3-4 • 10 .39 
7078 M15 073 2 .06 1 2 E F3 • 1 1 .23 
7089 M2 .. 68 0 .09 0 1 E FJ • 10 .09 
7099 M30 .57 1 .07 0 2 E F3 .04 .oo 
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Figure 7 . 1 : The two-colour diagram for globular clusters. 
The straight line represents reddening 
trajectory of slope 0.72. 
i so ... 
with no published spectral type are indicated by filled 
circles. The points in the diagram occupy a roughly tri-
angular area as noted by Johnson (1959). The continuous line 
in the figure represents a reddening trajectory of slope 
It can be seen that the clusters with l a ter 
spectral types are , on the whole, further below the reddening 
line than those with intermediate and early spectral types. 
It is likely that many of the clusters with no published 
spectral classification are of late type on the basis of their 
positions in the diagram. 
Mayall (1960) also. 
This was suggested by Kron and 
To obtain the intrinsic colours of the clusters we must 
first apply reddening corrections& This has been derived 
in a manner similar to that used by Kron and Mayall (1960). 
In Figure 7.2 we have plotted the (B-V) and (u-B) colours 
against CH/Hy spectral type according to Kinman (1959b). 
1 Intri·ri.sic I colour-spectral type relations have been 
assumed and are indicated by the continuous lines in the 
diagrams. The line in the (B-V) diagram has been drawn 
through the lowest points. Also in this diagram we have 
labelled the clusters NGC 6681 , 6723 and 6981 which forc,ed 
Kron and Mayall (1960) to discuss two different intrinsic 
relations. These clusters have slightly earlier spectral 
types according to Kinman (1959b) than those used by Kron 
and Mayall . This illustrates the uncert a inties inherent in 
the present method of obtaining intrinsic colours. The 
(U-B) 'intrinsic' curve has been drawn through the lowest 
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Figure 7.2 : 
Go Gs Fo Fs Go Gs 
Spectral Type 
Colour-spectral type diagrams for , globular clusters. The 
continuous lines are the assumed 'intrinsic' relations. 
group of points in the diagram. The uncertainties in the 
(u-B) colours are expected to be somewhat higher than for the 
(B-V) colours and, in any case, a line drawn through the 
lowest ·points in the (U-B) diagram results in much larger 
values for the reddening than are obtained from the (B-V) 
curve shown. 
The colour excesses, EB-V and EU-B' were obtained from 
the colour-spectral type diagrams, and are just the differences 
between the observed colour and the colour for the relevant 
spectral type given by the 'intrinsic' lines. The (u-B) 
excesses were converted to the corresponding (B-V) excesses 
via EU_B/EB-V = 0.72, and the two values of EB-V for each 
cluster were averaged. Points falling below the 'intrinsic' 
(U-B) line in Figure 7.2 were assigned EU-B = o.o. Column 10 
of Table 7.3 contains the values of EB-V derived as just 
described. Reddening corrections were applied to the observed 
colours and the two-colour diagram is shown in Figure 7.J, 
where we have distinguished between clusters of spectral type 
later than and earlier than GO. The straight line in the 
diagram is that defined by the two 'intrinsic' lines in 
Figure 7.2, and has the following equation: 
(U-B) = 1.J9(B-V) - 0.80. 0 0 
The separation of the clusters into two groups on the basis 
of spectral type is more clearly seen here than in Figure 7.1. 
Now, using the line in the two-colour diagram whose 
equation is given above, we can find reddening corrections for 
the clusters which have not so far been assigned any spectral 
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Figure 7 . J : 'Intrinsic' two - colour diagram for 
globular clusters . 
type. The colour excesses so obtained for the whole sample 
of clusters measured here a re given in column 11 of Table 
There are some large differences between the values in 
columns · 10 and 11 for some clusters. This is not really 
surprising considering the complex method used to obtain 
the final values in column 11. In the case of any given 
cluster, there may be errors in the measured colours due to 
the use of an unreprese.ntative sky region to correct for 
background sky brightness or to observational errors arising 
from the faintness of many of the clusters in the ultraviolet. 
Also, the composite nature of the integrated spectra leads 
to considerable difficulties in the assignment of spectral 
types. 
A check on the colour excesses derived above may be had 
f 1 t f E . t bII rom a po o B-V agains cosec • We should expect a 
linear relation between these if we suppose the absorption 
to occur in a thin layer in the galactic plane, and if the 
clusters are outside the layer. In Figure 7.4, we have 
II plotted EB-V against cosec b for all the clusters in 
Table 7.3. The straight line has the equation 
EB-V = o.60 cosec bII. 
The scatter is quite large, but, besides the uncert a inties 
in the reddening determinations , we have the added effect 
of the patchiness of the absorption in the Gal a xy which woul d 
lead to deviations from a simple cosecant reddening l aw for 
particular clusters. On the whole, though, there appears to 
be a general increase of EB-V with cosec bII, at least to 
·8 
·6 
EB-V 
.4 
.2 
Q·Q . . 0 '.JO 0 
1 3 5 7 9 
cosec b11 11 13 15 
Figure 7.4: Colour excess plotted against cosec bII for globular clusters. 
1-53-
II 
cosec b = 10. 
7.3 The Dust to Gas Ratio 
At the request of van den Bergh, Mr. J. Hindman has 
obtained 21 cm observations of gala ctic globular clusters with 
the 210 ft radio telescope at Parkes, and has made the results 
available to the author. The data consist of measures of 
the number of neutral hydrogen atoms per square centimeter 
in a column of infinite length along the line of sight to 
each cluster. 
In Figure 7.5, we have plotted the reddening, EB-V' from 
Table 7.3, column 11, against NHI (atom/cn2 ) according to 
Hindman. It is clear that there is a strong correlation 
between these two quantities, the reddening and the number of 
hydrogen atoms increasing toeether. 
The colour excess can be related to the number of dust 
grains responsible for the reddening as follows: 
If we have a light beam of initial intensity I, then its 
0 
intensity after passing through a dust layer will be 
I= I e-Tv, i.e. T = 6m/1.086, 
0 V 
where 6m = absorption in magnitudes, and T = optical depth 
V 
of the dust layer at ,. z frequency v = , n a 
J V 
dz. 
Here, 
0 
n - number of grains per unit volume 
a - absorption coefficient per grain at frequency v V 
z - distance travelled through the dust layer. 
Assuming a to be independent of distance along the light path, V 
we have T - a n dz 
V VJ 0 
_j 
·6 
EB-
·2 
0 
0 
Figure 7-S: 
6402 
8 12 16 20 24 28 32 
NH I ( x 1020 ) atom cm-2 
Colour excess plotted against the number of neutral hydrogen atoms 
per square centimetre along the line of sight to globular clusters. 
36 
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where ND - number of grains per unit area in a column of 
length z. 
We may write a as 
V 
a = TTa 
v D 
2 
where aD = diameter of dust grain, assumed to be the same for 
all grains, 
and Q - efficiency factor for extinction at frequency v . 
Thus we have, finally, 
where R = 
Once we have the ratio of the number of dust grains 
to the number of hydrogen atoms, we can then find the ratio 
of the densities of gas and dust from 
PHI/pD NHI ~/ND 
4 na J 
- • - pd' • J D 
where mH i:::: mass of hydrogen atom, 
pd - density of a dust grain. 
Lilley (1955) has discussed this ratio for some dust 
clouds in the anticentre region of the Galaxy. Quoting 
Spitzer, he adopts the following values for the variables aD, 
~, and pd: 
aD = J x ,o-5 cm, -J ~ = 2.0, and pd= 1 gm cm , which 
apply to the blue region of the spectrum, in which case we 
shall take R = 4. If we use these values in the present 
calculation, 21 -2 -1 and take the ratio NHI/EB-V = 1.J8 x 10 cm mag 
from Figure 7.5, we find, 
p HI/ p D -. 128 • 
This agrees well with the average value (100) for this ratio 
found by Lilley (1955). It must be emphasised that we have 
155. 
made some very severe assumptions in deriving this quantity, 
viz. that the ratio is the same for all galactic longitudes, 
that the dust grains are all of the same size, and that the 
dust a~d the gas occupy the same volume. With respect to 
this last assumption, since the reddening must occur between 
the cluster and the observer, we have effectively assumed 
that all the hydrogen observed lies between the cluster and 
the observer as well. If there is any hydrogen beyond the 
cluster then the ratio, EB-V/NHI 1 will be smaller than the 
average, and this may indeed be the case for the points in 
20 -2 Figure 7.5 beyond NHI = 24 x 10 cm • These points 
represent clusters which lie near the galactic plane in 
directions close to the centre of the Galaxy. On the other 
hand, if the dust density in some direction is larger than 
average with respect to the hydrogen density, possibly due to 
the formation of molecular hydrogen, then the ratio, EB-V/NHI' 
will be larger than the average . This may be the case for 
NGC 6402, the representative point for which is indicated in 
the diagram, Figure 7 . 5. The large scatter observed about 
the 'intrinsic' line in Figure 7.3 precludes our saying any-
thing more detailed about the individual clusters represented 
in Figure 7.5 since the scatter observed there could be due 
mainly to the method of derivation of the reddening. 
7.4 Comparison with Published Results 
After the present work had been completed, a preprint 
of a paper, since published, by van den Bergh (1967) was 
received. van den Bergh has measured (U-B) and (B-V) colours 
for 49 clusters, and has combined his results with all those 
previously published. His (B-V) colours agree well with the 
averaged published colours. In Figures 7.6 and 7.7 we have 
compared the colours from the present study, ( B-V) M and 
(U-B)M, with the weighted mean colours, ( B-V) B and ( U-B) B, 
given by van den Bergh in his Table IV· 
' 
the crosses in the 
figures indicate clusters measured more than once by the 
author . 
The agreement is seen to be quite good. The scatter 
increases somewhat for the redder colours, which is probably 
due to the increased difficulty in measuring redder clusters 
which tend to lie near the galactic plane and. thus to be 
fainter because of the large absorption suffered by the 
light from them . 
A somewhat different method from that used here was 
employed by van den Bergh in the calculation of intrinsic 
colours . A quantity, Q, which is given by 
Q = ( U- B ) - 0 • 7 2 ( B-V) 
is computed and then the intrinsic ( B-V) colours are. assumed 
to be given by 
i.e. 
( B-V) = Q + 1. 00, 
0 
( U-B) - 1 • 7 2 ( B-V) - 1 • 00. 0 0 
This relation differs somewhat from ours derived in Section 
7.2 . However , it must be pointed out that both the author's 
and van den Bergh's methods of deriving intrinsic colours 
depend on ad hoc assumptions. 
The differences between the present results and van den 
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Figure 7 . 6 : Comparis o n between the present and van den ,Bergh's 
( B-V ) co l o u r s . 
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Figure 7.7: Comparison between the present and van den 
Bergh's (U-B) colours. 
Bergh's are illustrated further by Figure 7.8 where we have 
compared the intrinsic colour-spectral type relations. Kron 
and Mayall's cases I and II are also included as dashed lines. 
The main difference amongst the present, van den Bergh's and 
Kron and Mayall 1 s (II) calibrations occurs beyond GD, and the 
author's curve is over 0~1 redder than the other two at G5. 
Finally, in Table 7.4 we hvve compared the colour 
excesses determined in various ways for a number of clusters. 
The excesses in column 2 should be the most accurate since 
they have been determined either from the colour-magnitude 
diagram of the cluster or from the two-colour diagram for 
field stars near it. The references for these values are 
given in the last column and below the table. The remaining 
columns contain the colour excesses determined in the present 
chapter from the two-colour diagram and from the colour-
spectral type diagrams (in brackets), those determined by 
van den Bergh (1967), and those by Kron and Mayall (1960) 
from their two intrinsic colour-spectral type relations, 
respectively. For the Kron and Mayall values we have assumed 
EP-V = ECI and EB-V = o.81ECI ( Arp, 1962b). 
It is apparent that, whatever the assumptions about the 
intrinsic colours of globular clusters that are made, the 
colour excesses derived from the observed integrated colours 
agree reasonably well (to ~±0~1) with those determined more 
accurately from the colour-magnitude diagrams. But too much 
reliance ought not to be placed on colour excesses obtained 
from integrated colours. In the case of NGC 6266, for example, 
• 1·2r--~----~;-----~--------
,· 
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· 8 
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Figure 7.8: Comparison amongst assumed 
intrinsic (B-V) -colour-
spectral type relations. 
J M = Menzies; vdB = van den 
Bergh; KMI, ENII = Kron & 
Mayall, assumptions I & II, 
respectively. 
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one half of the cluster is reddened more than the other 
(Gascoigne, private communication) and the value for EB-V 
given in Table 7.3 can hardly be correct. Further, 47 Tue 
and NGC 362 are both certainly very little reddened. It 
is surprising therefore that the results from the two 
determinations listed in Table 7.4 agree so well and that the 
derived colour excesses are so large. 
However, from the separation in Figure 7.4 between 
clusters with spectral types later than GO and those with 
earlier spectral types, it would seem that the intrinsic 
colours derived as in Section 7.2 give a good indication of 
whether a cluster is relatively metal rich or not. 
' 
TABLE 7.4 
Reddening Determinations 
NGC c-m Menzies 
104 .oo .11(.04) 
362 .05 .18(.13) 
3201 .08 .28 
4147 .oo .00(.07) 
5139 • 10 • 17 ( • 20) 
5272 .oo .19( .08) 
5904 .oo .11(.12) 
6205 .oo • 24 (. 04) 
6397 • 12 .09(. 16) 
6522 .49 .40 
6712 .48 .40(.15) 
6723 .oo • 1 2 (. 00) 
7078 .12 .23(.11) 
1. Chapter 4, this thesis. 
2. Eggen, 1 96 lb. 
J. Chapter 5, this thesis. 
4. Chapter 6, this thesis. 
5. Newburn, 1957. 
6 • Eggen , 1 9 6 0 • 
7. Sandage, 1964. 
8 • Arp , 1 9 6 2 c • 
9. Searle & Rodgers, 1966. 
10. Arp, 1965a. 
11. Clube, 1965. 
van 
12. Sandage & Smith, 1966. 
1J. Chapter J, this thesis. 
den B h Kron& erg I 
.12 
• 1 7 
.JO 
( • 01) .oo 
.18 
• 10 .oo 
• 1 1 .• 06 
• 1 1 .oo 
• 17 
.JB .39 
.47 .28 
.02 (o) 
• 1 3 .06 
Mayall Reference II 
1 , 2 
3 
4 
.oo 5 
6 
.06 7 
.06 8 
.02 7 
6,9 
.39 10, 11 
.42 12 
.06 13 
.06 7 
J 
CHAPTER 8 
SUMMARY AND CONCLUSION 
Much of this thesis has been concerned with the colour-
magnitude diagrams of four globular clusters. We shall now 
summarise the results for these four clusters. The second 
part of this chapter will consist of a brief discussion of 
the horizontal branch in globular clusters, and we shall end 
with some recommendations for future work. 
8.1 Summary of Results 
From the relevant chapters, we have extracted the 
characteristics of the four clusters and have listed them 
in Table 8.1. 
TABLE 8. 1 
Summary of Characteristics 
Cluster 
~V (read at (B-V) = 
0 
1 ~4) 
( B-V) (read at level 
o,g 
of horizontal branch) 
Integrated spectrum 
Integrated ( B-V) 
(U-B) 
6 (U-B) 
Reddening 
Horizontal Branch 
Population 
104 
1. 60 
1. 02 
G3 
0.89 
0.39 
0. 14 
o.o 
red 
No. of RR Lyrae variables 2? 
Mean Period of ab types 
6723 
,. · .2. 22 
G3 
0.78 
0.21 
o.o 
slightly 
red 
24 
0.53 
362 
2.34 
o.s2 
FB 
0.78 
0. 17 
0.20 
0.05 
red 
7+ 
0.54 
3201 
a.so 
0.97 
0.34 
o.os 
even 
58+ 
0.55 
1-60. 
The cluster NGC 3201 is similar to M3 in most respects. 
However, its integrated colours seem to be anomalous. Some 
further work will be necessary on this cluster to clear up 
some uncertainties associated with the photographic photometry. 
The importance of 47 Tue cannot be overstated. The 
present study was designed to measure an accurate ultraviolet 
excess for the bright cluster stars. The results indicate 
that a full scale photoelectric study of this cluster is 
absolutely necessary. 
Both NGC 6723 and NGC 362 are extremely interesting 
because of the peculiarities evident in their horizontal 
branches . The latter cluster appears to be the first of its. 
type found in the Galaxy. Its colour-magnitude diagram 
combines a moderately large 6V with a red horizontal branch. 
The integrated spectral type and the integrated colours, as 
well as the ultraviolet excess, indicate that this cluster 
is similar to M3 in metal content. 
NGC 6723 is a strong lined cluster and has a small ~V, 
and a slightly red horizontal branch. However, unlik~ the 
other clusters of late spectral type, NGC 6712, 6171 and 6356, 
NGC 6723 has a horizontal branch which is separated from the 
m subgiant branch by a 'gap' of about 0.2. Such 'gaps' are 
generally seen in clusters of the 1'13 type which appear to 
have intermediate metal deficiencies. 
8.2 The Horizontal Branch 
Soon after the first observations of globular clusters 
down to the main sequence were made, Hoyle and Schwarzschild 
161 
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(1955) developed a theory which describes quite well the 
features of the main sequence, and of the subgiant and giant 
branches. They also considered the effect of metal abundance 
on the position of the giant branch in the diagram and found 
it to be redder at a given absolute magnitude or fainter at 
a given colour for high metal abundance than for low metal 
abundance . Subsequent work by Kippenhahn et al (1958), 
and by Demarque and Geisler (1963} has confirmed this result. 
The absolute magnitude scale for globular clusters is still 
uncertain so that it is not clear yet whether the metal rich 
globular cluster giants are fainter than the metal poor ones. 
However, the redward progression of the giant branches with 
increasing metal abundance seems fairly well established 
(Sandage and Smith, 1966). 
Hoyle and Schwarzschild were unable to explain the 
horizontal branch in globular clusters with model stars of 
mass 1.2 ~ - Their star evolved from right to left in the 
colour-magnitude diagram and was about one magnitude brighter 
than the observed horizontal branch. Later, Hayashi et al 
(1962) considered a 0.7 ~ star with composition X = 0.90, 
Y = 0.10, Z = .001. This star evolves from left to right 
in the colour-magnitude diagram, a lit tle brighter than the 
observed horizontal branch. In its later stages the 
evolutionary track approaches the giant branch asymptotically 
and in this way the observed doubling of the giant branch in 
some globular clusters can be explained. The evolutionary 
track of the 0.7 ~ star considered by Hayashi et al was meant 
-, 6-2. 
to represent the next stage of evolution of a star at the 
tip of the giant branch which, according to Hoyle and 
Schwarzschild (1955), has a mass of 1.2 ~· Consequently, 
in this scheme, giants must lose mass when they reach the 
top of the giant branch before starting the next phase of 
their lives as horizontal branch stars. It should also be 
noted that the giants were assumed not to mix during the helium 
flash. 
On the basis of star counts in MJ, Woolf (1964) proposed 
an evolutionary scheme in which giants undergoing the helium 
flash at the top of the giant branch would completely mix and 
rapidly move to a helium rich main sequence. There, hydrogen 
would burn in a core region just as in a standard main 
sequence star of normal hydrogen content, and the evolution 
would proceed in the same way, but at a higher luminosity 
because of the higher mean molecular weight. Larson (1965) 
considered such a helium rich main sequence star and 
showed that it would spend a large part of its remaining 
life near its starting point. There are several observational 
difficulties attached to this scheme, e.g. 47 Tue has only 
a very stubby red horizontal branch t'ar removed from the 
helium rich main sequence. Petersen (1966) has proposed a 
variant of this theory which avoids objections such as tha t 
just mentioned. In Petersen's scheme, variable mixing is 
allowed to take place. Then, fully mixed stars will move 
rapidly from the giant branch to the helium rich ma in 
sequence. Stars which are partially mixed will move to 
l 
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positions along the horizontal branch depending on the exact 
degree of mixing. They then evolve almost vertically in the 
colour-magnitude diagram, so that, according to Petersen, the 
horizontal branch is not an evolutionary sequence. The 
degree of mixing is assumed to be greater for metal deficient 
stars than for metal rich stars. Consequently, in metal rich 
clusters, the horizontal branch will consist of relatively 
red, only slightly mixed stars, while that in metal poor 
clusters will consist of fully mixed and nearly fully mixed 
blue stars. This is a somewhat ad hoc assumption and no 
justification is given for it, except that if it is accepted 
then most observed horizontal branches can be explained 
satisfactorily on the above theory. However, NGC 362 would 
a ppear to represent a violation of the postulate in that it 
has a red horizontal branch, but is deficient in metals. 
The question of whether or not mixing occurs during 
the helium flash in red giants has been considered by Harm 
and Schwarzschild (1964). They found that, after the peak 
of the helium flash, the convecting region in the core 
extended to 99% of the core radius but did not go beyond 
the core boundary. However, they neglected possible 
hydromagnetic and rotational effects which may be important 
at this stage of the evolution. The thermal instability 
found by Schwarzschild and Harm (1965) may h~ve to be 
considered as well. 
It is therefore still uncertain whether mixing occurs 
after the helium flash, so Faulkner (1966) and Faulkner and 
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Iben (1966) have reconsidered the case of evolution without 
mixing . They start with stars that have just undergone the 
helium flash and now are burning heli,um in a helium rich core 
containing approximately half the total mass. Hydrogen is 
burning on the CNO cy£le in a shell just outside the helium 
core . These stars evolve rapidly to higher surface 
temperatures and lower luminosities. It is found that there 
is a critical temperature such that stars with a given 
envelope hydrogen concentration will always be hotter than 
this . The critical temperature is strongly dependent on 
metal abundance so that it is higher for extremely metal 
deficient stars than for metal rich stars. Corresponding 
to this temperature there is a critical total mass such 
that stars which are more or less massive than this must have 
higher surface temperatures, i.e. 
at the critical point . 
must be bluer than a star 
This suggests an explanation of the structure of the 
globular cluster horizontal branches. Extremely metal 
deficient clusters will have a high critical temperature and 
hence an essentially blue horizontal branch (e.g. M92, M15), 
while metal rich clusters will have a red horizontal branch 
abutting onto the subgiant branch (e.g. NGC 6712, 6171, 
6356, 47 Tue) . Further, a metal rich cluster which is older 
or younger than NGC 6712, say, will have stars of lower or 
higher masses, respective ly, than those in NGC 6712. Instead 
of falling at the critic a l point such st a rs can only be 
hotter and so, for this hypothetical metal rich cluster, there 
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will be a gap between the red end of the horizontal branch 
and the subgiants. NGC 6723 fits this description perfectly, 
so that if the Faulkner-Iben theory is correct, then this 
cluster must be older or younger than the other metal rich 
clusters mentioned above . From Chapter 3 it will be re-
called that we could only say that, with a large uncertainty, 
NGC 6723 is as old as , or older than M3. It is clearly 
important that an accurate age be found for NGC 6723 and 
nlso for one or more of the other metal rich clusters. 
Faulkner and Iben (1966) were led to adopt a helium 
abundance of Y = 0.35 for the globular clusters, as opposed 
to the traditional Population II value of Y = 0.10. The 
former value was found to give better fitting models for 
the main sequence and subgiant branch of M92, and to make 
substantial mass loss at the giant stage unnecessary. 
Christy (1966), from theoretical work on pulsating star~ was 
also adopted a similar value for Yin M3. However, it should 
be noted that Searle and Rodgers (1966) found a low helium 
abundance for a horizontal branch star i n NGC 6397. 
While the above explanat ion of the horizontal branch 
of NGC 6723 may be satisfactory, it is not suitable in the 
case of a metal deficient cluster which has a red horizontal 
branch abutting onto the subgiant sequence. According to 
the Faulk.ner-Iben theory, the gap can only get wider, and a 
metal deficient cluster must have at least a small gap, 
NGC 362 a nd NGC 7006 (Sandage and Wildey, 1967) both seem 
to belong to this category of metal deficient clusters with 
';166.,. 
no gap between the horizontal branch and the subgiants. 
Sandage and Wildey propos e that NGC 7006 is deficient 
in helium compared with the other galactic globular clusters 
(except NGC 362) so far observed. There is some support for 
this from the Faulkner- Iben theory, though there are so few 
models available that any quantitative comparison with them 
is impossible . It is observed that several extragalactic 
systems , e.g . the Draco dwarf galaxy (Baade and Swope, 1961), 
NGC 121 (Tifft , 1963a) and Pal 3 and Pal 4 (Burbidge and 
Sandage, 1958), have colour-magnitude diagrams with similar 
characteristics to those in the NGC 7006 and NGC 362 diagrams. 
This suggests strongly that the conditions in the place of 
formation of these systems may have been responsible for the 
peculiar appearance of their colour-magnitude diagrams. In 
particular , the helium abundance may be different (lower) in 
these extragalactic systems from what it is in the Galaxy. 
Sandage and Wildey further suggest that NGC 7006 may not be 
gravitationally bound to the Galaxy, which would strengthen 
the identification of this cluster with these external systems. 
However, NGC 362 is certainly gravitationally bound, although 
it is possible that there were fluctuations in the helium 
abundance throughout the Galaxy at the time of formation of 
the cluster and that it happened to be in a region of low Y. 
This discussion is highly speculative, and until there 
are more models to compare the observations with, I prefer 
to reserve judgement on the reasons for the ano~alies 
observed . It may be that the Faulkner-Iben theory is not the 
-,€:;' 
correct one with which to explain the horizontal branch. 
In any case, much more theoretical work is necessary before 
a final decision can be made. However, I do believe that 
there is a good case now for requiring another parameter 
besides metal abundance to explain the morphology of the 
globular cluster colour-magnitude diagrams, and especially 
of the horizontal branches. 
8.3 Future Work 
We have found two southern globular clusters with colour-
magnitude diagrams which deviate from the fairly good cor-
relations noted by Sandage and Wallerstein (1960). It seems 
highly likely that there are more clusters with similar 
oddities in the south which have not yet been observed. Many 
more southern clusters ought to be observed in order that a 
complete picture of the range of variation can be obtained. 
It is most important in this work to measure the reddening so 
that 6V can be determined accurately and the colour-magnitude 
diagram can be properly positioned in the V, (B-V) plane. 
0 0 
A measurement of 6V should, if possible, be backed up with 
a measurement of the ultraviolet excess for the giants at 
least. 
According to Simoda and Kimura (1967), an indication of 
the helium content of the stars in a globular cluster can be 
had from the luminosity function measured down to the vicinity 
of the 'knee' of the main sequence. It should be possible 
to obtain accurate luminosity functions for a number of 
relatively close southern clusters, e.g. NGC 3201, NGC 6397. 
'16~-
Parallel with this observational program should go an 
improvement in the theory of the horizontal branch. This 
task would be simplified somewhat if the mass of any globular 
cluster star could be found. It might be worth observing the 
three known eclipsing binaries (Sawyer, 1955) in globular 
clusters in an effort to obtain a mass, though these may all 
be field stars. 
Finally, in order that an accurate comparison can be 
made between observation and theory it is necessary to be 
able to convert the observed magnitudes and colours into 
absolute bolometric luminosities and temperatures, respectively. 
For this we require reliable bolometric corrections and an 
accurate (B-V) - temperature relation. The difficulties 
associated with a poor knowledge of these quantities are 
illustrated by Demarque and Geisler (1963). 
The telescopes at present in use in the South are 
adequate for obtaining the colour-magnitude diagrams down to 
the horizontal branch in the majority of southern glob.ular 
clusters. However, substantially larger telescopes will be 
needed if accurate measurements are to be made some 
considerable distance down the main sequence in order that 
reli~ble comparisons amongst all the features of globula r 
cluster colour-magnitude diagrams can be made. From such 
observations, all the information available in globular 
clusters concerning the history and early evolution of the 
Galaxy should become available to us. 
'169 . 
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